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OBJECT 

To  compare  systematically  the  performance  of  conventional,  truncated  and  tipped 
truncated  ogival  projectiles  over  a wide  range  of  target  conditions. 


The  armor  penetration  performance  of  20  mm  models  of  the  90  mm  A P T33  (M318)  pro- 
jectile has  been  compared  with  that  of  the  truncated  T33  (FAP)*  and  the  tipped  trun- 
cated T33  (FAPT)*  projectiles  over  a wide  range  of  target  conditions.  These  conditions 
inciuaea:  J/8  (0.48  cal),  i/2  (0.63  cal),  5/8  (0.79)  cal),  3/4  (0.95  cal),  7/8  (1.11 

cal),  1 (1.27  cal),  1 1/u  (1.43  cal)  and  1 3/8  (1.75  cal)  inch  homogeneous  (300  to  320 
Bhn)  armor  set  at  0°,  30°,  45'“,  55°,  60°  and  70°  obliquities.  Specific  limit  energies** 
were  calculated  for  all  protection  ballistic  limits.  By  this  means,  the  perforation 
efficiencies  of  the  three  projectile  types  could  be  compared  on  an  energy  basis  for 
any  test,  regardless  of  nose  shape  or  projectile  weight. 

Against  targets  that  FAP  projectiles  defeated  intact  they  were  superior  to  the  AP 
and  FAPT  types.  The  superiority  of  the  FAP  over  the  AP  on  an  energy  basis  ranged  from 
20  to  60  per  cent.  The  intact  FAP  were  superior  to  the  other  two  types  for  all  plate 
thicknesses  up  to  3/4  inch  at  30°  end  45°  obliquities,  tor  all  piste  thicknesses  up  to 
5/8  inch  ai  55°  and  60°  obliquities,  and  for  3/8  inch  plate  at  70°  obliquity.  However, 
the  FAP  were  barely  able  to  defeat  5/8  inch  plate  at  0°  without  shattering.  Against 
heavier  targets  the  FAP  shattered  and  were  much  inferior  to  the  FAPT  and  AP. 

The  FAPT  (tipped)  projectiles  were  superior  to  the  FAP  when  the  latter  shattered. 
However,  when  both  types  remained  intact,  the  FAPT  were  inferior  to  the  FAP.  The  FAPT 
were  equal  to  or  iugeriu,  to  the  AP  for  almost  all  of  the  target  conditions  investi- 
gated. Exceptions  were  heavy  plate  at  0°  obliquity  and  thin  plate  at  intermediate  ob- 
liMoity.  FAPT  projectiles  were  superior  to  the  AP  against  ar'.ior  up  to  and  including 
7/8  inch  thickness  bc  55c  ana  5/8  inch  at  "0°  obliquity.  for  the  more  difficult  high 
obliquity  targets,  the  FAPT  and  AP  types  appeared  to  be  equal  in  performance. 

Conventional  AP  projectiles  were  best  in  •’he  limited  region  of  very  heavy  plate 
at  very  low  obliquity. 

Some  of  these  20  mm  penetration  results  have  been  confirmed  by  limited  firings  of 
truncated  75  mm  AP  M338  (T148)  shot /D***  truncated  conical  120  mm  AP  T116E2  shot*"* 
and  tipped  truncated  76  mm  AP  T166  shot.  In  addition,  preliminary  results  have  been 


•These  notations  are  not  official  Ordnance  designations  but  have  been  used  for  easy  reference. 
“Specific  limit  energy  ia  defined  in  the  f,rst  section  of  Results  and  Discussion. 

•“See  Bibliography  attached. 
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obtained  by  the  US  Naval  Proving  Ground  in  a program  sponsored  by  the  Army  Ordnance 
D;partment  to  provide  a systematic  comparison  of  the  regions  of  superiority  of  the  AP, 
FAP  and  FAPT  types  with  three- inch  shot  homologous  to  the  2C  mm  models.  These  limited 
firings  indicate  that  full  caliber  shot  of  these  types  can  be  made  to  show  the  same 
relative  pen“trat inn  performance  if  adequate  shot  hardness  and  ductility  are  provided. 

The  foregoing  results  have  shown  the  usefulness  of  each  one  ot  the  projectile  de- 
signs for  defeat  of  certain  steel  armor  targets.  It  is  recommended  that  the  truncated 
designs  also  be  considered  for  other  missiles,  such  as  shells,  rockets,  and  bombs, 
which  may  be  made  of  steel  or  other  materials.  Furthermore,  it  is  believed  that  the 
truncated  types  should  be  investigated  for  defeat  of  light  alloy  aircraft  armor  at 
very  high  obliquities. 

AUTHORIZATION 

00  400.112/22325,  FA  471.1/1557-1,  10  Dec  45 
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IhTR&oUCTIOM 


These  tests  are  part  of  a general  program  to  develop  an  improved  armor  piercing 
projectile  fn-  ;j?e  against  sloping  homogeneous  armor  at  high  obliquity.  When  this 
progtam  was  initiated,  j*  recognised  that  neither  the  ogival  'leaded  monobloc  nor 

a.  t _ . _ . . J _ . • . • I .4  . r f • • .«  • r » r . • ..  . 


».i»c-  jimjj  cciiic  is  Ljj-r  r-'si  cm  u.  inu  uesi^n  iui  uricHimg  armor  ui  large  angles 

of  attack  (greater  than  50°).  Under  these  conditions  the  monobloc  projectile  breaks 
up  or  ruptures  and  its  energy  is  dissipated  and  wasied  over  a fairly  large  area.  How- 
cvtri  , iii  rupturing  it  defeats  the  plate  by  a punching  process  and  it  is  much  more  effi- 
cient^3* than  capped  projectiles  whose  bodies  tend  to  remain  intact  and  ricochet.  In 
ricochet,  sc  little  of  the  energy  of  the  shot  body  is  used  for  plate  perforation  that 
the  capped  projectile  is  worse  under  these  conditions.  It  was  believed,  therefore, 
that  the  problem  in  seeking  « better  design  was  primarily  one  of  preventing  ricochet.*4* 


Early  in  World  War  II  the  Naval  Proving  Ground  demonstrated  the  ability  of  a 
flat-ended  cylindrical  projectile  to  dig  in  and  to  cause  plate  failure  by  punching*5* 
with  very  little  adverse  turning.  For  conditions  where  it  remains  intact,  at  velocl 
tics  up  to  about  1500  fps,  the  cylindrical  projectile  is  much  superior  to  a conven- 
tional ogival  one  in  defeating  thin  plate.  However,  at  higher  velocities  and  against 
thicker  plate  this  projectile  breaks  up.  As  a result,  its  penetrating  ability  usually 
is  worse  Lmbi  t!mt  of  the  cov/er* t i a 1 projectile. 


Modification  of  the  cylindrical  shot  by  tapering  the  body  near  the  "biting  edge" 
increases  its  useful  velocity  range  at  high  obliquity  by  raising  its  rupture  velocity 
almost  1000  fps.  Hence,  it  is  able  to  defeat  thicker  plate.  This  shape  is  usually 
made  by  truncating  a conventional  projectile. 


A second  modification,  attachment  of  a tip  (in  the  form  of  an  ogive)  to  the  trun- 
cated projectile,  further  increases  its  effective  range  several  hundred  feet  per  second 
This  tip  has  a flat  larger  than  that  of  the  shot  body  since  it  appears  that  the  over- 
hanging flat  gives  more  protection  to  the  "biting  edge"  of  the  body  and,  hence,  raises 
the  velocity  at  which  rupture  occurs. 


From  preliminary  firing  it  was  noted  that  the  tipped  projectile  is  a better  pro- 
jectile than  the  convent icr.oi  mor.obloc  for  some  conditio 


was  known  of  its  behavior  either  at  velocities  above  3200  fps  or  at  iow  and  inter- 
mediate (less  than  50u)  angles  of  obliquity  where  It  was  thought  that  the  monobloc  pro- 
jectile might  be  superior. 


The  primary  purpose  of  this  investigation  is  to  compare  systematically  the  per- 
formance of  the  conventional  AP  projectile  with  that  of  the  new  unconventional  FAP  and 
FAFT  types  over  a wide  range  of  target  conditions.  Comparative  data  of  this  sort 


'Striking  velocity  at  which  projectile  is  first  observed. 
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should  evaluate  the  potentialities  of  the  new  designs,  define  the  conditions  under 
which  each  is  superior,  and  facilitate  testing  of  other  modified  designs  expected  to 
be  capable  of  even  better  all  around  performance. 


MAI  TRIALS 
Proj ect i 1 es 

Types.  Three  types  of  20  mm  projectiles  were  used  ii-  this  survey.  They  were: 

(a)  20  mm  model  of  the  90  mm  AP  T33  (M318),  (b)  truncated  Y33  (PAP)  and  (c)  truncated 
T33  with  a tip  attached  (FAPT).  Drawings  and  photographs  of  these  projectile  types 
are  included  in  Figures  1 and  2,  respect ively . 

The  conventional  AP  T33  projectile  was  chosen  as  a standard  because  it  shows  good 
ballistic  performance  at  high  obliquity.  This  design  is  used  also  for  the  105  mm  AP 
T182  and  the  120  mm  AP  T116  projectiles  and  is  similar  to  the  76  mm  AP  T128  projectile 
It  has  bfctu  thoroughly  tested  and  its  average  performance  is  fairly  woi  1 known  (e.  g. , 
Watertown  Arsenal  caliber  .40  and  30  iiau  tests).  The  weight  of  the  20  mm  AP  projectile 
used  in  this  test  was  1800  grains. 

FAP  projsctil“'  "»rp  made  by  truncating  the  AP  projectiles  to  a flat  diameter  of 
0.650  inch.  Tnese  projectiles  weighed  1680  grains.  FAPT  projectiles  were  made  by 
brazing*  tips  to  the  nose  fiats  of  the  FAP  projectiles.  These  tips  had  the  shape  of 
the  AP  ogive  with  a fiat  diameter  of  0.720  inch.  The  FAPT  projectiles  weighed  1880 

gl  ttifiS. 

Although  other  projectile  nose  flat  anil  tip  flat  combinations  might  be  just  as 
effective,  the  0.650  inch  body  flat  and  0.720  inch  tip  fiat  were  chosen  for  several 
reasons.  A 0.720  inch  diameter  tip  flat  on  a 20  mm  projectile  corresponds  to  the 
largest  flat  on  full  scale  projectiles  that  easily  permits  windshield  attachment  to 
the  shot  body.  Furthermore,  previous  firings  indicated  that  the  tip  should  overhung 
the  body  nose  flat  io  better  protect  its  biting  edge  and  the  body  flat  should  be  as 
large  as  possible  without  being  susceptible  to  rupture. 

Steel  and  Heat  Treatment . One  heat  of  manganese-molybdenum  steel  (Fed  Spec  57- 
107-33)  was  used  for  all  projectiles.  The  composition  is  contained  in  Table  I. 

Table  I.  Per  Cent  Composition 

C Mn  Mo  P S Si  NJ  Cr 

0.74  0.90  1.04  0.20  0.04  0.33  0.05  0.15  0.02 


'Copper  was  used  es  a brazing  material. 
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Figure  1.  20  mm  AP  shot  types 


CONFIDENTIAL 


To  obtain  consistent  quality  for  the  three  types  of  projectiles  all  shot  were  run 
through  the  controlled  atmosphere  furnace  that  was  used  to  hraze  the  tips  for  the  FAPT 
projectiles.  The  temperature  of  the  furnace  was  about  2050°  F. 

Following  exposure  to  this  elevated  temperature  and  cooling  to  room  temperature, 
a)'  projectiles  were  austenitized  in  salt  at  1550°  F for  10  minutes,  quenched  in  brine, 
stress  relieved  for  two  hours  at  250°  F and  base  drawn  by  induction. 

Rotating  Bands.  To  avoid  degradation  of  the  shot  ami  difficulty  of  interpreta- 
tion of  results  due  to  possible  quench  cracks  in  the  band  seat  region,  all  projectile 
bodies  were  machined  without  band  seats.  Instead  of  coppei  rotating  bancis,  ail  shot 
were  provided  with  Chrysler  Cycleweld  C-14  cement  rotating  bands  applied  to  a 0.60 
inch  iong  base  section  of  0.770  inch  diameter.  Although  a slight  loss  in  velocity  and 
accuracy  resulted  from  the  use  of  these  rotating  bands,  it  was  believed  that  reduction 
of  projectile  band  seat  failures  would  outweigh  these  drawbacks. 

P 1 ate 

All  pistes  used  in  this  investigation  were  rolled  homogeneous  (class  B)  armor. 
Brinell  hardness  values  and  Charpy  impact  values  (-40“  F)  for  the  various  plate  thick- 
nesses are  included  in  Table  II. 


Table  II.  Plates  Used  in  Tests 


Thickness 

Plate 

Hardness 

Charpy 

Impact • 

(in.  ) 

(Bo.) 

( Bhn  ) 

( ft- lb 

at  -40"  F) 

3/8 

13 

302-321 

27 

3/8 

14 

302-321 

27 

1/2 

23 

302-311 

- 

5/8 

21 

311-311 

15 

5/8 

22 

302-321 

15 

5/8 

29 

311-311 

15 

3/4 

34 

302-302 

12 

3/4 

43 

302-302 

12 

7/8 

47 

302-306 

21 

7/8 

48 

302-311 

21 

1 

26 

302-302 

17 

1 1/8 

15 

311-321 

23 

1 3/8 

7 

310-330 

19 

•The  values 

listed  are  not  thoae 

for  the  plates  listed 

but  are  for 

other  plates 

of  the  same  thickness  and  heat  nf  steel. 
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METHODS 

Test  Conditions 

The  test  conditions  listed  in  Table  III  were  chosen  to  give  information  over  a 
wide  range  of  attack.  They  bracketed  nearly  all  conditions  proposed  for  full  scale 
test  firing.  Emphasis  was  on  high  angle  attack  but  tests  also  were  conducted  at  low 
angles  for  completeness.  Conditions  for  which  perforation  is  difficult  at  the  highest 
velocities  attainable  with  the  special  test  weapon,  and  conditions  for  which  the  FAP 
projectile  perforates  intact  are  included.  Target  conditions  were  spaced  at  fairly 
close  intervals  so  that  interpolation  between  experimental  results  would  be  feasible. 
For  some  targets  only  limited  firings  were  conducted  so  that  more  test  conditions 
could  be  investigated.  Additional  test  conditions  were  added  during  the  investigation 
in  order  to  aid  interpolation  and  to  permit  the  construction  of  reasonable  perforation 
curves . 


lable  III.  Test  Conditions 


Piste 

thickness 

i Yniiqui  iy 

(in.) 

(cal) 

(deg) 

3/8 

0.48 

45,  55,  60,  70 

1/2 

0.63 

45 

5/8 

0.79 

0,  30,  45,  55,  ( 

3/4 

0.95 

30,  45,  55,  60 

7/8 

1.11 

30,  45.  55.  60 

1 

1.27 

0,  45,  65 

1 1/8 

1.43 

30,  45 

1 3/8 

1.75 

0 

Firing 

All  rounds  were  fired  from  a 20  mm  Mann  type  test  barrel  chambered  for  the  T20 
(.60/20  mm)  case.  For  velocities  in  excess  of  3UU0  fps  a special  chamber  extension 
was  screwed  onto  the  above  barrel  to  accommodate  a two-piece,  double  length  case.  The 
distance  from  the  murtle  of  the  gun  to  the  plate  was  215  feet.  Velocities  were  meas- 
ured or.  counter  chronographs  actuated  by  three  pairs  of  solenoids,  the  base  line  cen- 
ters of  which  were  32.  87  and  132  feet  from  the  plate.  Three  pairs  of  solenoids  were 
used  Lo  obtain  measurements  of  the  projectile  retardation  between  the  centers  of  the 
three  base  lines.  These  retardations  then  were  used  to  correct  the  instrument  veloci- 
ties to  the  actual  striking  velocities. 
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Evaluation 

Protection  Ballistic  Limit.  Protection  ballistic  limits*  were  usually  obtained 
with  not  nvore  than  50  fps  between  the  velocities  for  the  highest  partial  and 
complete  penetrations.  In  order  to  obtain  a ballistic  limit  when  a zone  of  mixed  re- 
sults was  obtained,  the  velocities  for  the  partial  and  complete  penetrations  within 
the  zone  were  averaged. 

If  a shatter  gap**  with  AP  or  FAPT  projectiles  was  suspected,  an  aii*>mpt  was  made 
to  establish  its  existence  and  to  obtain  ballistic  limits  with  both  intact  and  shat- 
tered projectiles. 

To  avoid  misinterpretation  due  to  differences  in  weights  among  tht  three  types  of 
projectiles  the  specific  limit  energies***  were  determined  for  all  ballistic  limits 
and  used  for  all  comparisons  of  the  three  types. 


RESULTS  AND  DISCUSSION 
Correlation  with  Watertown  Arsenal  Firings 

Watertown  Arsenal  has  conducted  fairly  extensive  firings  with  caliber  .40  models 
of  the  90  mm  AP  T33  projectile  over  a range  of  attack  conditions  comparable  to  those  in 
this  investigation.  In  order  to  determine  the  extent  of  agreement  between  the  Frank - 
ford  Arsenal  results  at  the  20  mm  scale  and  the  Watertown  Arsenal  results  at  the  cali- 
ber .40  scale,  and  to  establish  the  most  representative  penetration  curves,  the  caliber 
.40  results  (Table  IV)*  were  scaled  to  20  mm  and  were  compared  with  the  20  mm  results. 
The  results  at  both  scales  are  plotted  in  Figure  3.  A scale  factor  of  0.937  was  used 
to  reduce  the  specific  limit  energies  of  the  Watertown  Arsenal  results  to  compare  with 
the  20  mm  results.  Using  this  scale  factor,  Watertown  Arsenal’s  and  this  arsenal’s 
results  are  in  excellent  agreement,  except  for  plates  1/2  caliber  thick  which  the  cali- 
her  . **u  projectiles  perforated  intact,  whereas  the  20  mm  projectiles  shattered.  Fxes- 
sive  ricochet  of  the  caliber  .40  projectiles,  resulting  from  the  fact  that  they  re- 
mained intact,  would  account  for  the  higher  limits  of  these  projectiles.  It  should  be 
noted  that  in  the  family  of  curves  in  Figure  3 the  curves  for  40°,  45°,  50°,  and  f5° 
obliquities  were  drawn  by  means  of  interpolation  since  the  40°  and  50°  obliquity  dat'- 
were  obtained  by  Watertown  Arsenal,  whereas  the  45°  and  55°  data  were  obtained  by 
Frankford  Arsenal. 


‘Defined  according  to  Ordnance  Department  Bulletin  No.  24*44. 

•*A  shatter  gap  is  a velocity  range  in  *hi»h  shattered  or  ruptured  projectiles  fail  to  defeat  the 

target.  At  velocities  below  this  range  projectiles  that  remain  essentially  intact  defeat  the  target 
and  at  velocitiea  above  this  range  shattered  projectiles  defeat  the  target. 

•••Specific  limit  energy  is  defined  in  the  following  section. 

aDat*  obtained  by  personal  communication  with  Watetiuwu  Arsens!  laboratory. 
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Figure  4.  AP  vs  3/4  P-43  at  30° 
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Tlie  iurves  for  intact  projectiles  were  drawn  according  10  the  following  formula 
which  was  developed  by  the  National  Physical  Laboratory,  England  for  angles  of  attack 
up  to  45°. 


d3 


r 3 11800 

= 1 43.  VfT  t/d  sec  - 0 + (929 ) - 

L 2 65-0 


54000  1 7 
Bo-B  j 


where 


Specific  limit  energy 


W = Weight  of  projectile  in  pounds 
VL  - Limit  velocity  in  feet  per  second 
d = Diameter  of  projectile  in  inches 

B = Brinell  hardness  of  plate 

t — Thickness  of  pi«t? 

8 = Angle  of  attack 

Bq  = 50~  - 160  log1Q  d/d2 

d2  = 1.565  inches  (diameter  of  two  pounder  shot) 


This  formula  agrees  well  with  the  20  mm  firing  results. 


Shatter  Gap 

In  cases  wh-re  the  shatter  velocity  is  higher  than  the  ballistic  limit  for  intact 
projectiles  but  lower  than  the  ballistic  limit  for  shattered  projectiles,  a shatter  gap 
occurs  (Figure  4).  At  low  velocities  the  projectiles  failed  to  perforate  the  plate  and 
rebounded  intact  (Figure  4A).  For  velocities  just  above  the  ballistic  limit  for  intact 
shot,  the  projectiles  perforated  intact  (Figure  4B,  4C).  At  higher  velocities  the  pro- 
jectiles shattered  and  incomplete  penetrations  resulted  (Figure  4D).  As  the  velocity 
was  increased  further,  the  energy  was  sufficient  to  perforate  the  plate,  even  with 
shattered  projectiles  (Figure  4E). 

Comparison  of  AP  and  FAP  Projectiles 

Comparison  between  the  penetrations  of  AP  and  FAP  projectiles  shojid  be  made  sepa 
rately  for  conditions  where  the  FAP  remained  intact  during  per.etration  and  for  condi- 
tions  iih*rs  s hs t tsr?d. 
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Against  targets  that  FAP  pro jecti les  penetrated  intact  they  were  much  superior  to 
AP  projectiles  because  the  sharp  "biting  edge"  of  the  FAP  digs  into  the  plate,  thus 
reducing  ricochet,  and  because  the  flat  surface  and  sharp  edge  promote  plate  failure 
by  an  efficient  plugging  process.  The  superiority  of  the  Fat,  on  an  eneiKy  basis, 
ranges  from  20  to  60  per  cent,  as  is  shown  numerically  in  Teble  V,  and  graphically  in 
Figures  5 and  6,  The  difference  in  extent  of  ricochet  between  the  two  types  is  illus- 
trated in  Figure  7,  where  the  length  of  the  FAP  scoop  is  2.0  inches  as  compared  with 
2.8  inches  for  the  AP.  For  this  plate  condition,  2/8  inch  at  60°,  the  FAP  were  60  per 
cent  more  efficient  than  the  AP,  as  is  shown  by  the  line  shaded  regions  of  Figures  5 
and  6.  The  intact  FAP  were  superior  to  the  AP  projectiles  for  all  plate  thicknesses 
up  to  3/4  inch  at  30°  and  45°  obliquities,  for  all  plate  thicknesses  up  to  5/8  inch  at 
55°  and  60°  obliquities,  and  for  3/8  inch  plate  at  70°  obliquity.  How^/er,  the  FAP 
were  barely  able  to  defeat  5/8  inch  plate  at  0°  obliquity  without  shattering.  Only 
one  complete  penetration  was  obtained  due  to  the  extremely  narrow  velocity  range  in 
which  complete  penetration  was  possible  with  an  intact  '•AP.  Penetrations  for  this 
range  are  shown  in  Figure  8. 

The  possible  existence  of  a shatter  gap  was  not  investigated  for  targets  that  were 
defeated  by  intact  FAP  projectiles.  It  is  quite  likely,  however,  that  had  the  FAP  been 
fired  fast  enough  to  shatter  there  would  have  been  a range  of  velocities  in  which  they 
would  have  failed  to  perforate  and  thus  would  have  proved  inferior  to  the  AP  projec- 
tiles. Against  the  heavier,  more  difficult  targets  the  FAP  projectiles  shattered  mid 
were  much  inferior  to  the  AP  as  indicated  by  the  much  greater  specific  limit  energy 
required  to  defeat  these  targets  (Figures  5 and  6). 

The  rupture  limits*  for  FAP  proiectiies  are  quite  low  (Figure  S),  but  in  general 
increase  with  increasing  obliquity.  Figures  10  and  11,  which  represent  firings  against 
7/8  inch  plate  at  30°  and  45°  obliquities,  indicate  that  the  transition  from  intact  to 
shattered  projectiles  occurs  over  a narrow  velocity  band  for  a given  plate  condition. 

As  stated  before,  the  FAP  shot  were  barely  able  to  defeat  5/8  inch  plate  at  0°  at  1090 
fps  without  shattering  (Figure  8).  After  shattering,  the  FAP  were  not  able  to  defeat 
this  target  at  velocities  as  high  as  1600  fps.  even  though  they  were  able  to  defeat 
the  same  plate  at  30°  obliquity  at  1455  fps  in  an  intact  condition.  This  is  considered 
rather  unusual  since  the  penetration  ability  of  conventional  AP  shot  decreases  with 
increasing  obliquity  for  the  same  plate  thickness. 


Comparison  of  FAP  and  FAPT  Projectiles 

Addition  of  a tip  to  fiat  nosed  projectiles  considerably  raised  the  rupture  veloc- 
ity at  normal  and  very  low  obliquities  (Figure  9).  At  intermediate  and  high  obliquities, 


•Rupture  limits  are  discussed  more  completely  in  • subseauent  section. 
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Table  V.,  Summary  of  Frv.nkford  Arsenal  20  urn  Firings 
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Figure  5.  Graph  of  specific  limit  energy  vs  plate  thickness  at 
0°,  30°  and  45°  obliquities  for  conventional  ogival  (AP), 
truncated  ogival  (FAP)  and  tipped  truncated  ogival  (FAPT) 
20  mm  projectiles 
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Figure  6.  Graph  of  specific  limit  energy  vs  plate  thickness  at 
55°,  60°  and  70°  obliquities  for  conventional  ogival  (AP), 
truncated  ogival  (FAP)  and  tipped  tuncated  ogival  (FAPT) 

, 20  mm  projectiles 
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the  increase  in  rupture  velocity  was  not  large,  However,  even  at  these  angles,  the 
tipped  projectiles  wcie  effective  at  much  higher  velocities  than  were  the  untipped 
ones . 


For  condi tione  where  both  FAPT  and  FAP  projectiles  remained  intact,  the  FAP  projec- 
tiles were  superior  to  FAPT  projectiles,  not  only  on  an  energy  basis  but  also  cn  a 
velocity  basis,  in  spite  of  their  lighter  weight.  This  superiority  is  represented 
numerically  in  Table  V and  graphically  by  the  line  shaded  areas  of  Figures  5 and  6. 

Although  the  tip  on  the  FAPT  projectiles  protects  the  biting  edge  of  the  projectile 
from  shearing  and  protects  the  projectile  body  from  rupturing  at  much  higher  velocities, 
the  tip  is  not  required  as  long  as  the  FAP  remains  intact.  Furthermore,  it  appears  as 
if  the  tip  reduces  the  effectiveness  of  the  FAP  when  the  body  remains  intact.  Since 
the  tip  comprises  11  per  cent  of  the  total  weight  of  the  FAPT,  its  mass  could  be  much 
more  effective  if  it  were  part  of  the  projectile  body.  In  addition,  the  tip  may  get  in 
the  way  of  the  body  and  interfere  with  the  penetrative  action  of  the  biting  edge.  It 
may  also  cause  the  body  to  ricochet  more  than  the  FAP  sc  indicated  by  the  slightly 
longer  scoops  listed  in  the  firing  records  of  the  Appendix.  These  reasons  may  account 
for  the  higher  velocities  and  greater  energies  required  of  the  FAPT  to  defeat  the  same 
targets  as  the  intact  FAP. 

However,  the  FAPT  were  significantly  superior  to  the  FAP  for  target  conditions 
for  which  the  latter  shatt-red,  as  can  be  noted  ir,  Figures  5 and  6 and  Table  V.  A com- 
parison of  Figures  10  and  11  with  Figure  12  provides  an  explanation  of  this  superiority. 
At  velocities  slightly  above  the  rupture  velocity  the  untipped  projectiles  ruptured  to 
a much  greater  extent  than  did  the  tipped  projectiles,  at  least  on  th#*  side  ov  the  pro- 
jectile adjacent  to  the  plate.  For  example,  at  2553  fps  (Figure  11A)  the  FAP  were 
intact  (the  surface  of  the  scoop  is  smooth)  while  only  18  fps  faster,  at  2571  fps 
(Figure  11B),  they  shattered  completely . From  Figure  12  the  tipped  projectiles  frac- 
tured at  2690  fps  while  as  much  as  270  fps  faster,  at  2960  fps,  the  extent  of  smooth 
portion  of  the  hole  indicates  that  they  did  not  shatter  until  they  accomplished  much  of 
their  penetration. 

No  shatter  gaps  were  observed  with  FAPT  projectiles  for  target  conditions  con- 
sidered most  likely  to  reveal  such  gaps. 


Comparison  of  A Y and  FAPT  Projectiles 

The  FAPT  projectiles  were  equal  or  superior  to  the  AP  projectiles  for  almost  all 
of  the  target  conditions  investigated  (Table  V and  Figures  5 and  6).  Exceptions  tc  this 
were  against  heavy  (thicker  than  or.e  caliber)  plate  at  0°  obliquity  and  against  t'nin 
(one-half  caliber)  plate  at  intermediate  (45°)  obliquity  The  FAPT  were  inferior  to 
the  AP  against  the  thicker  plate  at  0°  obliquity  because  they  deformed  more  and, 
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Figure  7.  3/8  H=I3  at  60°  comparison  of  complete  penetrations  at 

lovest  velocities?  for  different  shot  types 
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therefore,  required  more  energy  for  perfoiaticn  than  the  AP.  For  thin  plate  at  45° 
obliquity  the  difference  in  ballistic  limits  between  the  two  types  was  only  100  fps, 
which  is  not  significant.  Against  the  same  3/8  inch  plate  at  high  (S5“,  60°  and  70°) 
obliquities  the  FAPT  were  superior  to  the  AP  bv  as  much  as  44  per  cent.  This  differ- 
ence in  penetration  efficiency  against  relatively  thin  armor  at  high  obliquity  may  be 
attributed  to  ♦he  difference  in  extent  of  projectile  ricochet  or  scooping  illustrated 
in  Figure  7.  Here,  against  3/8  inch  plate  at  60°  obliquity  the  length  of  FAPT  scoop 
was  about  2.5  inches  as  compared  with  2.8  inches  for  the  .AP. 

However,  for  most  conditions  of  oblique  attack  the  advantage  of  the  FAPT  type 
over  the  AP  lies  in  its  ability  to  remain  intact  at  higher  velocities  without  suffer- 
ing excessive  ricochet.  The  more  efficient  performance  of  the  FAPT  is  illustrated  in 
Figures  13  and  14.  Figure  13  compares  the  performance  of  the  two  types  fired  at  the 
same  velocity  against  slightly  overmatching  (7/8  inch)  plate  at  low  (30°)  obliquity. 
From  the  appearance  of  the  scoop  it  can  be  seen  t*  at  the  FAPT  projectiles  were  essen- 
tially intact  during  most  of  the  penetration  while  the  AP  projectiles  shattered  early 
in  the  penetration  process,  even  though  the  over-all  extent  of  ricochet  for  both  types 
is  similar.  The  difference  in  the  extent  of  damage  produced  by  the  two  types  of  pro- 
jectiles is  emphasized  by  the  appearance  of  the  back  of  the  plate  (Figure  13).  The 
FAPT  punched  a hole  through  the  plate  but  the  AP  produced  only  s small  bulge  on  the 
hack  surface.  Firings  against  une'erma telling  (5/8  inch)  plate  ai  high  (60°)  obliquity 
are  compared  in  Figure  14.  Against  this  target  the  AP  -ro  j ect  i l.es  remained  intact 
during  part  of  the  penetration  while  FAP  and  FAPT  projectiles  remained  intact  through- 
out. Figure  15  compares  the  performance  of  the  AP  and  FAPT  at  similar  velocities 
against  slightly  overmatching  (7/8  inch)  plate  at  high  (55°)  obliquity.  Although 
both  types  shattered,  the  FAPT  remained  intact  longer  in  the  penetration  process  as 
indicated  by  the  longer,  smoother  scoop.  As  a result,  the  ballistic  limit  obtained 
with  the  FAPT  was  430  fps  lower  than  that  obtained  with  the  AP.  Figure  16  shows  the 
highest  partial  and  lowest  complete  penetrations  obtained  with  both  projectile  types 
for  the  same  target  as  Figure  15. 


Comparison  of  AP,  Fa?  and  FAPT  Projectiles 

Three  factors  which  influence  projectile  penetrating  ability  are:  resistance  to 

rupture,  resistance  to  ricochet  or  turning,  and  type  of  plate  failure  which  they 
induce. 

Rupture  and  Ricochet . Resistance  to  rupture  of  a projectile  is  highly  dependent 
upon  the  angle  of  attack  (Figure  9).  Rupture  limits  for  AP,  FAP,  end  FAPT  projectiles 
are  plotted  as  a function  of  obliquity.  All  plate  thicknesses  were  included  without 
regard  fur  possible  variations  in  rupture  due  t*>  differences  in  plate  thickness.  The 
penetration  efficiency  does  not  correlate  with  this  graph.  Since  only  the  projectile 
recoveries  were  used  to  determine  rupture,  the  stage  of  penetration  at  which  projectile 
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D 


S Sh  at  1980  fps 


S Sh  at  2116  fps 


Figure  10.  FA_P  vs  7/8  H-48  at  30°  showing  evidence  of  shot  break-up 

with  increasing  velocity 


Neg.  ff 24432-11 
R-1166 


A 

SI  at  2553  fps 


6 

o on  au  <cp /d.  xuo 

Flgura  U.  FAP  vs  ?/S  H-47  at  45*  showing  evidence  of  shot  breakup 

with  increasing  velocity 
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iNieg.  #24432-12 
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D 


S Sh  at  2780  fps 


S Sh  at  2960  fps 


Figure  12.  FAPT  vs  7/8  H-47  at  snowing  little  effect  on  penetration 
with  increasing  shot  velocity  and  breakup 
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Comparative  performance  of  AP  and  FAPT  shattered  shot  vs 
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Figure  13* 


Neg.  ^24432-15 
R-1166 


A-AP 

PP  at  3130  fps-S  Sh 


B-FAPT 

OP  at  3120  fps-S  Sh 


Figure  15.  Comparative  performance  of  AP  and  FAPT  shot  vs  7/8  ri-47  at 

55°  at  similar  velocities 
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Figure  16.  Comparison  of  highest  partial  and  lowest  complete  penetrations 
for  AP  and  FAPT  shot  vs  7/S  H-47  at  55° 
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failure  occurred  is  not  indicated.  From  Figure  9 it  may  be  noted  that  for  obliquities 
below  30°  the  AP  were  most  resistant  to  rupture,  the  FAPT  were  intermediate  and  the 
FAP  were  ieast  resistant.  At  obliquities  above  30°  the  FAPT  were  most  resistant  to 
rur»tur* , th?  FAP  '*'(? r?  int i and  th?  AP  Wf% r **  ipnut-  resistant  to  mo tu re . At  all 
angles,  except  0°.  and  for  intact  projectiles,  the  FAP  ricocheted  least,  the  FAPT  were 
intermediate  and  the  AP  ricocheted  most.  If  an  AP  projectile  ruptures,  there  is  less 
likelihood  of  ricochet.  for  example,  at  55°  obliquity  and  at  velocities  of  about  1800 
to  2800  fps  the  FAP  and  FAPT  remained  intact  and  ricocheted,  whereas  the  AP  ruptured 
and  had  the  least  tendency  to  scoop.  However,  at  velocities  h»low  1800  fos.  where  the 
AP  remained  intact,  they  made  the  longest  scoops. 


Plate  Failure.  The  manner*  in  which  e plate  fails  depends  upon  many  factors, such 
as  the  physical  and  metallurgical  qualities  of  the  plate,  the  angle  of  impact,  the 
geometry  and  caliber  of  projectiie,  and  deformation  of  the  projectile.  For  most  of 
the  conditions  in  this  investigation,  plates  failed  by  some  type  of  plug  formation. 
Exceptions  were  at  low  angles  where  the  penetration  with  AF  and  FAPT  projectiles  was 
ductile  and  against  1 1/8  and  1 3/8  inch  plate  which  failed  by  the  ejection  of  spalls 
because  of  inferior  plate  quality.  An  interesting  target  condition,  for  which  a dif- 
ferent type  of  plate  failure  was  obtained  with  each  projectile  type,  was  5/8  inch  at  0° 
obliquity.  Figure  17  shows  that,  for  this  target,  the  AP  caused  a ductile  failure  with 
formation  of  petals,  the  FAP  caused  plate  failure  by  plugging,  and  the  FAPT  induced  a 
failure  that  shewed  a tendency  for  spall  formation.  The  petals  dislodged  by  the  AP 
have  a wiped  or  sheared  appearance,  whereas  those  dislodged  by  the  FAPT  have  a granu- 
lar or  fractured  appearance  over  a large  aiea. 


s stated  previously,  the  ballistic  limits  and  cor- 
responding specific  limit  energies  obtained  with  the  AP,  FAP,  and  FAPT  types  for  each 
target  condition  are  summarized  in  Table  V and  plotted  in  Figures  5,  5,  18,  and  19. 
Figures  5 and  6 compare  the  energies  necessary  to  defeat  the  various  targets  as  a func- 
tion of  plate  thickness  for  different  angles  of  attack,  whereas  Figures  13  and  19  com- 
pare these  energies  as  a function  of  obliquity  for  different  plate  thicknesses.  The 
line  shaded  areas  of  Figure  5 show  the  regions  of  superiority  of  the  intact  FAP  pro- 
jectiles over  both  the  FAPT  and  AP  types  for  plate  at  0° , V°  and  45°  obliquities.  Al- 
though the  FAP  were  superior  against  one  caliber  piaic  at  45°  obliquity,  they  were 
scarcely  able  to  defeat  0.8  caliber  plate  at  0°  obliquity.  Against  heavier  targets  the 
FAP  -shattered  and  were  much  inferior  to  the  AP  and  the  FAPT-  As  shown  by  the  stippled 
region,  the  FAPT  projectiles  were  generally  superior  to  the  AP,  even  though  the  FAPT 
shattered  against  the  heavier  targets.  The  line  shaded  regions  of  Figure  6 show  the 
FAP  to  be  superior  to  the  AP  and  FAPT  at  55°,  60°,  and  70°  obliquities  as  long  as  they 
Upcr.  shatter  the  FAP  were  much  inferior.  In  the  stippled  regions  of 


I1IICU  illV  MV.  ( 


•A  aore  coaplete  explanation  of  various  types  of  plate  failure  ia  given  in  Franbford  Arsenal,  Pitaan- 
Dunn  Laboratories  Heport  R-902,  by  R.  B.  Sawyer,  February  1951. 
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the  graph  the  FAPT  were  superior  to  the  A?  up  to  and  including  1.1  caliber  armor  at  55° 
and  0.8  caliber  armor  at  70°  obliquity.  For  the  thicker  targets  the  AP  and  FAPT  types 
appeared  to  be  equal  in  performance. 

Figure  20  summarizes  these  firings  qualitatively  in  the  form  of  a block  diagram 
For  a certain  range  of  plate  thicknesses  the  FAP  type  was  superior  to  both  the  other 
types  for  all  obliquities  from  0°  to  70°.  Similarly,  for  a range  of  greater  plate 
thicknesses,  the  FAPT  type  was  superior.  The  AP  type  was  best  in  the  limited  region  of 
very  heavy  piste  et  very  low  obliauitv  and  was  equivalent  to  the  FAPT  for  the  heaviest 
plates  tested  at  the  high  obliquities.  If  the  hardness  and  ductility  of  these  three 
types  were  either  raised  or  lowered,  some  of  the  ballistic  limits  and  the  boundaries  of 
the  zones  probably  would  be  different.  The  performance  of  the  FAP  and  FAPT  types  is 
expected  to  be  affected  more  significantly  by  such  changes  than  that  of  the  AP. 

Figures  18  and  19  show  that  the  specific  limit  energy  increases  linearly,  to  a 
first  approximation,  as  the  secant  of  the  angle  of  attack  is  raised  for  all  plate  thick- 
nesses. 


Full  Caliber  Projectile  Firings 

Some  of  these  20  mm  penetration  results  have  been  confirmed  by  limited  firings  of 
truncated  75  mm  AP  M338  (T14S)  shot,  truncated  conical  120  mm  AP  T116E2  shot  and  tipped 
truncated  76  mm  AP  T166  shot.  In  addition,  preliminary  results  have  been  obtained  by 
the  US  Naval  Proving  Ground  in  a program  sponsored  by  the  Army  Ordnance  Department  to 
provide  a systematic  comparison  of  the  regions  of  superiority  of  the  AP,  FAP  and  FAPT 
types  with  three-inch  shot  homologous  to  the  20  mm  models.  There  is  reason  to  believe 
that  large  caliber  shot  of  these  unconventional  types  can  be  made  to  perform  as  effi- 
ciently as  the  20  riiii  models. 


CONCLUSIONS 

1.  No  one  of  the  AP,  FAP  and  FAPT  projectile  designs  is  consistently  superior  for 
the  attack  of  all  types  of  armor  targets. 

2.  The  FAPT  type  is  generally  equivalent  or  superior  to  the  AP.  even  though  both 
types  shatter  against  the  heavier  targets. 

3.  For  conditions  where  FAP  projectiles  remain  essentially  intact  during  penetra- 
tion, they  are  superior  to  the  AP  ard  FAPT  types.  At  somewhat  higher  striking  veloci- 
ties and  for  targets  that  FAP  projectiles  cannot  defeat  intact,  they  are  much  inferior 
to  the  AP  and  FAPT. 
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of  plata  failure  for  5/8  H-29  at  0®  obliquity  ts 
F tip  and  FAFT  intact  shot 
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Neg.  #24432-18 
R- 1166 


;i  AMOUNT  OF  SUPERIORITY  OF  FAPT  OVER  A f 
SSKSJ  AMOUNT  OF  SUPERIORITY  OF  FAP  OVER  FART 
d AP  INTACT 
A AP  SHATTERED 
O FAPT  INTACT 
* FAPT  SHATTERED 


Figuie  18.  Graph  ot  specific  limit  energy  vs  obliquity  for  3/8",  5/8"  and 
3/4"  plate  thicknesses  for  conventional  ogival  (AP),  truncated  ogival 
(FAP)  and  tipped  truncuted  ogival  (FAPT)  20  mm  projectiles 
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Neg.  #24432-19 
R-1166 


Figure  19.  Graph  of  specific  limit  energy  vs  obliquity  for  7/8",  1"  and 
1 1/8"  piate  thicknesses  for  conventional  vgivai  (AP),  truncated  ogivai 
(FAP)  and  tipped  truncated  ogival  (FAPT)  20  mm  projectiles 
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PLATE  OBLIQUITY  (DEG) 


Figure  20.  Regions  of  superiority  for  conventional  ogivivl  (AP), truncated 
ogival  (FAP),  and  tipped  truncated  ogival  (FAPT)  20  mm  projectiles 
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4.  Conventional  AP  projectiles  are  best  in  the  limited  region  of  very  heavy 
plate  at  very  low  ooliquity  and  are  equivalent  to  the  FAPT  for  the  heaviest  plates  at 
the  high  obliquities. 

5.  Previous  iimited  firings  indicate  tnat  tull  caliber  projectiles  of  these  types 
can  be  made  to  show  the  same  relative  penetration  performance  as  the  20  mm  models  if 
adequate  projectile  hardness  and  ductility  a^e  provided. 


RECOMMENDATIONS 


The  foregoing  results  have  shown  the  usefulness  of  each  one  of  the  projectile 
designs  for  defeat  of  certain  steel  armor  targets.  It  is  recommended  that  the  truncated 
designs  also  be  considered  for  other  missiles,  such  as  shell,  rockets,  and  bombs,  which 
may  he  made  of  steel  or  other  materials.  Furthermore,  it  is  believed  that  the  trun- 
cated types  siiould  be  investigated  for  defeat  of  light  alloy  nircraft  armor  at  very 
high  obliquities. 
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i^r2r'"  nrcpniDlur  DCUCT3ATI  AU  DCCI'i  TC 

ADon.ci  i h i i voo  vi.miuirSu  * t"  1 5 «%A ! I VS  KtjLL!j 


pp 

- Partial  penetration 

CP(A) 

- Complete  penetration 

CP(P) 

- Complete  penetration 

CP(NF) 

- Complete  penetration 

CP(NS) 

- Complete  penetration 

NB 

- No  bulge 

VSB 

- Very  small  bulge 

SB 

- Small  bulge 

MB 

- Medium  bulge 

LB 

- Large  bulge 

VLB 

* Very  large  bulge 

Ck 

- Cracks 

FO 

- Plug  out 

PH 

- Plug  hanging 

PS 

- Plug  started 

BP 

• Back  petals 

BPO 

- Back  petals  off 

BPS 

• Back  petals  started 

BS 

• Back  spall 

BSS 

- Back  spall  started 

BSH 

- Back  spall  hanging 

390 

- Back  spall  out 

FP 

- Front  petals 

FPO 

- Front  petals  off 

F30 

- Front  spall  out 

NI** 

- Nose  intact 

BI*** 

- Base  intact 

OT 

OX 

r Shot  intset 

Sh 

- Shatter 

Fr 

- Fracture 

LS 

- Local  shear 

SNR 

- Shot  not  recovered 

PBL 

- Protection  ballistic 

Army  criterion* 

Protection  criterion* 

Navy  criterion,  shot  fractured* 
Navy  criterion,  shot  shattered* 


limit 


’Defined  according  to  Ordnance  Departatnt  Bulletin  No.  24*44. 

* ’^rartiona  following  Ni  indicate  approximate  ratio  of  no ae  fragment  to  total 
ahot  body. 

***Fr:~tiona  following  BI  indicate  approximate  ratio  of  base  fragment  to  total 
ahot  body. 
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FIRING  RECORD 

I.  Firing  against  3/8  Inch  Homogeneous  Armor 

A.  Firing  vs  Plate  No.  14  (302  to  321  Bhn)  at  45°  Obliquity 
Striking 


Veloci ty 
( fps) 

Plate 

Result s 
P ro  j ect i le 

Scoop** 

AP  T33  - 

Lot  2160 

1703 

CP(NF)-P0 

BI  1/2-LS 

(1.5  x 0.9) 

1567 

CP(A&P)-PO 

BI  1/2-Sh  LS-Fr 

( 1.  2 x 0.8) 

1431 

CP(NI )-P0 

SI 

( 1.8  x 0.9) 

1360* 

CP(A8tP)-P0 

SI 

(2. 1 x 0.9) 

1331* 

PP-MB 

SI 

(2.2  x 0.8) 

1310 

CP(A) -PS 

SI 

(1.8  x 0.9) 

PBL 

= 1345 

FAP  T33  - 

Lot  2I60F 

1309 

CP( A&P) -P0 

SI 

(1.5  x 0.9) 

1255* 

CP(AfcP)-P0 

SI 

(1.4  x 0.9) 

1190* 

CP(A)-PH 

SI 

(1.3  x 0.8) 

1100 

CP(A)-PS 

SI 

(1.0  x C.S) 

PBL  = 1225 


•Brecle  mg  velocities  used  to  calculate  protection  Lni'ietic  and  anarifie  limit  enersiei. 

••Scoop  extent  in  inches. 


<1C 
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I Firing  against  3/8  Inch  Homogeneous  Armor  (Cont'd) 

A.  Firing  vs  Plate  No.  14  (302  to  321  Bhn)  at  45°  Obliquity  (Cont’d) 


Striking 

Veloci ty 

Results 

( ‘P*J 

Plate 

Project i le 

Scoop 

FAPT 

T33 

1SS0 

CP(A&P)-PO 

SI 

(2.0  x 0.9) 

1534+ 

CP(A&P)-F0 

SI 

(1.6  x 0.9) 

1517+ 

CP(A)-Ck 

SI 

(1.8  x 0.9) 

1486 

CP(A&P)-PO 

SI 

(2.4  x 0.8) 

1473+* 

CP(A&P)-P0 

SI 

(1.9  x 0.9) 

1435+* 

PP-LB-Ck 

SI 

(1.7  x 0.9) 

1421 

PP-MB 

SI 

(2. 2 x 0.9) 

1409  + 

CP(.Atf’)-P»> 

OX 

(2.1  x 0.8) 

1378+ 

PP-MB 

SI 

(2.  1 x 0.  8) 

1287+ 

PP-SB 

SI 

(1.7  x 0.9) 

PBL  = 

: 1455 

ring  vs  Plate  No. 

13  (302  to  321 

Bhn)  at  55°  Obliquity 

AP 

T33 

2042 

CP(NI)-P0 

SI 

(2.4  x 0.  9) 

1978* 

CP( A&P)-P0 

Sh-Fr-LS 

(1.9  x 0.9) 

1950* 

CP(  A)-PS 

NI  1/3-Sh-Fr-LS 

(2.9  x 0.9) 

1858 

CP(A)-Ck  BI  3/5-NI  1/5-Sh-Fr-LS 

(3.0  x 0.9) 

PBL  = 1965 


♦Firing  va  Plate  No.  13  (?0?  to  321  Bhn). 

‘Bracketing  rclocities  •.»•»<!  t.n  calculate  protectinn  ballistic  limits  and  specific  limit  energies. 
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I.  Firing  against  3 S Irarlrt.  Homogeneous  Anrnr  ):Gsot"rt) 

B Firing  vs.  Plate  ?te.  13  {302  to  321  E*m ’<  at  55rr  Obliquity  -'Cent "3 5 


Striding 
V'efoci  fy 
f tpsj> 

Plate 

ffes-rits 
Projecta It 

Soaop 

FA? 

138-8 

CPfA&F'i-FO 

SI 

(1.7  x 0.9) 

136* 

CPOiP}-PO 

SI 

( 1. 6 x 0.9) 

1330* 

CP» AZrfM-PO 

SI 

{1.6  x 0.9) 

1300* 

FP-553 

SI 

0-8  x 0.8) 

1230 

FP-WB 

SI 

0-8  * 0.9) 

PBL 

= 1315 

FAPT 

1617 

O’*  «P  >-P0 

SI 

s 2-0  x 0.9) 

1S81- 

CP  ASPCP0 

SI 

{2.0  x 0.9) 

154-8* 

PP-PS 

SI 

0.9  x C.8) 

isos 

PP-LB 

SI 

f 2.0  x O.S> 

pel 

r ISS5 

Firing  vs  Plate  So. 

13  {302  to  321  BJorot-  at  60*  Obliquity 

AP 

2306 

CP-;’ *AP’i-P0 

BI  1 3-Sb-Fr-LS 

{2.9  x 0.9) 

223?*mg  7) 

cPf.iaP)-Fo 

BI  1/3-Sb-Fr-LS 

(2.  7 x 0.8) 

22v^*t 

CPf A)-FH 

Bi  l 2-Sh-Fr-LS 

{2  9 x 0.  S) 

2077 

PP-li-O. 

Sh-Fr-LS 

(2.9  x 0.8) 

1808 

FP-54B 

BI  3 5- SI  2 5-Fr 

(2.9  x 0.8) 

PBL  = 2220 

"Irr-ttlaetang  ael-i-ritttf  -a**!  H/t  emltculmi*  g*r-»t*r(t i*<»  itailliaia-c  ilnn&ts  (in  a-j-ecDfitc  ltn.t  rarp:-? 
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I.  Ftrinue  aiamst  3 S Inch  Smowneous  Amor  {CjQnt’cil 


Firing  vs  Plate  Ns. 

13  {322  to  321  Ehn) 

at  60’  Mil i<yji  ty  {Cent  ''3' 

Striking 
YeSoci ty 

< fa*) 

Plate 

Sestslls, 

Projectile 

Scoop 

FA? 

1610 

CP.  A£P 5 -PC 

SI 

{2.0  x 0.9) 

1486*{FiiS  7) 

CP  .'i*?' -P0 

SI 

{1.9  x 0.9) 

1436* 

PP-UB 

SI 

(2-0  x 0.9) 

1370 

cp.:a)-ps 

SI 

Cl. 7 x 0.9) 

1300 

PP-SB 

SI 

{2.1  x 0.8) 

PBL  - 1460 

2194 

CPfNFb-PO 

Fr 

C2.2  s 0.9) 

1897 

CPf«P)-FO 

Fr 

{2.5  x 0.9) 

1666 

CP.;«r>-PD 

SI 

{2-5  * O.o) 

I652*{Fie  7) 

CP<  ASP)-Pn 

{2.0  x O.S) 

1600* 

PP-I.B 

SI 

{2.5  x 0.8) 

1497 

FP-ie 

SI 

I14i  0.9) 

PBL  = 1615 

Firing  vs  Plate  No. 

14  (302  to  321  Ehru) 

at  JO1  Obliquity 

AP 

2861 

CF.'AiT.-FO 

51  I/4-Sfc-Fr-LS 

C3.4  x 0.9) 

2837 

CPf  ASP)  PC 

Si-Fr-LS 

{2-7  x 0.7) 

2760* 

CPC  MP> -PC 

Sh-Fr-3 

4-3.5  x 0.9) 

2760* 

CPf  A)  -PS 

Sh-Fr-LS 

{3.5  x 0.8) 

PEL  = 2760 


•Bt*eketi«£  tid  ti  c»U«ii«te  tailis'ic  Sisals  sad  specific  Sisil  saerjie*. 
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C 


I9ECTIAI 


incuri  a ■ 


E-  Firin/g  aga ms t 3 '8  JVkcSti  Horwjgeroc'mjs  ft«a>e>r  {Cc-ot  '«B) 


ring  vs  Platt  Jo. 

14  {302  fn  321  Ehro)  at  7JS  Obliquity 

{Cont’d) 

Sf  liking 
5'rloci  fy 
( fits) 

Pi. me 

P 'still  t s 
Pr  );erfiir 

Scoop 

FA? 

243“ 

CP{A5F)-FQ 

SI 

{3.5  i 0.9) 

23S6 

CP{ A5P)-PQ 

SI 

{3.5  x 0.9) 

234»" 

CP(  AiP  j-FO 

Si 

i 3.5  x 0.9) 

2289^ 

CP{A>-PH 

SI 

{3.7  x 0. 9) 

2274* + 

CP.fMf’j-PD 

SI 

{3.4  x 0.9) 

2215*'+ 

CPf A)-PH 

SI 

{3.7  x 0.9) 

Ii30 

FF -35 

SI 

{3.4  x 0-8) 

PBL  - 22B0 

rao-r 

II  Ml  4 

25S5 

CPf  MP)-FQ 

S3 

{3.9  x 0.9) 

2355 

CPf A5P)  -F0 

SI 

(3. 8 x 0.9) 

2330* 

CP{AfiF}-F0 

SI 

{3-5  x 0.9) 

2277* 

iP-LB-PS 

SI 

{3-8  x 0 9) 

2190 

PP-LE-Ck 

SI 

{3.  S x 0.9) 

i’BL  = 2305 


“Braclaetaaig  Telccxtiea  xied  t-&  ctltcltte  yrotectat<x  ballistic  xaxri&a  ccd  specsfic  lixit  etxrfae m 
++V«loeitxea  a a a T a fx  d to  iaternxoa  proifcacticix  ballistic  UeH  a t d ap-etifac  iiaiit  exargy. 
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CONFIDENTS 


II.  Firing  against  1/2  Inch  Homogt. .sons  Armor 

Firing  vs  Plate  No.  23  (302  to  311  Bhr.)  at  45°  Obliquity 


St riki ng 

Veloci ty 

Results 

( fps) 

Plate 

Project/  le 

Scoop 

AP 

1985 

CP(AfiP)~PO 

Sh-Fr-LS 

(1.3  x 0.9) 

1936* 

CP(  AoiF ) *FC 

Sh-Fr-LS 

(1.3  x 1.0) 

1876* 

Pi’  -MB 

Sh-Fr-LS 

(1.2  x 0.9) 

170S 

PP-MB 

BI  3/S-NI  2/5-Fr 

(2.8  x 1.0) 

PBL 

= 1905 

Cl  D 

t rm  i 

1584 

CP(A&P)-FO 

SNR 

(1.5  x 1.0) 

1497 

CP( A&P) -PO 

SI 

(1.5  x 1.0) 

1435 

CP(A&P)-PO 

ST 

(1.4  x 0.9) 

1408 1 * 

CP( A&P) -FO 

SI 

(1.4  x 0.9) 

1361** 

PP-MB 

SI 

(1.4  x 0.9) 

1334** 

OP(Ail’)  -P0 

SI 

(1.4  x 0.9) 

1274' ' 

Pl’-LB 

SI 

(1.4  x 0.9) 

1254 

PP-MB 

SI 

(1.3  x 0.9) 

1170 

PP-SB 

SI 

(1.  2 x 0.8) 

PBL  = 1350 


'Bracketing  velocities  used  to  calculate  protection  ballistic  limits  and  specific  limit  encrg 
++Velocitiea  everaged  to  det.-mine  tne  protection  ballistic  limit  and  specific  lisil  energy. 
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t 

II.  Firing  against  1/2  Inch  Homogeneous  Armor  (Cont’ii) 

Firing  vs  Plate  No.  23  (302  to  311  Bhn)  at  45c  Obliquity  (Cont’d) 


Striking 
Veloci ty 

( tp<) 

Plate 

Results 
Pro jecti le 

Scoop 

FAPT 

1962 

CP(AfiP)-P0 

SI 

(2.2  x 0.9) 

in^n 
A J uw 

CP(A&P)-PO 

SI 

(1.8  x 0.9) 

1910* 

CP(A&P)-P0 

SI 

(1.9  x 0.9) 

1869* 

OVA) -PS 

SI  - SI  i gh  t Fr 

(7  2 x 0.9) 

1716 

PP-LH-Ck 

SI 

(1.8  x 0.9) 

PRL  = 1890 


III.  Firing  against  5 8 Inch  Homogeneous  Armor 

A.  Firing  vs  Piate  No.  29  (311  Bhn)  at  0r  Obliquity 

AP 


1558 

CP(N1) -BPO 

SI 

1533*( F i g 

17) 

CP(NI)-BP 

SI 

1515*(Fi g 

17) 

CP( A) -EPS 

SI 

1490 

CP(A)-BPS 

SI 

1426 

CP(  A) -BPS 

SI 

PBL  = 1525 


•Bracketing  relocities  used  to  calculate  protection  ballistic  limits  Uud  specific  Unit  energies. 
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III.  Firing  against  S/'f?  Inch  Homogeneous  Armor  (Cont’d) 

A.  Firing  vs  Plate  No.  29  (311  Bhn)  at  0°  Obliquity  (Cont’d) 


Striking 
Veloci ty 
( fps) 

Plate 

ResuJ ts 
Pro  jec  ti  le 

FAP 

1603 

PP-SB 

Sh-Fr-LS 

1410 

PP-SB 

Sh-Fr-LS 

1160  (Fig 

8) 

PP-SB 

Sh-Fr-LS 

1090* (Fig 

8,17)  CP( A&T) -PO 

ST 

1040* 

PP-MB-C1: 

SI 

1036  (Fig 

8, 17)  PP-MB-PS 

SI 

1025 

PP-SB 

Sh-Fr-LS 

PBL 

= 1C55 

FAP  i 

1460 

CP(AaP)-EP 

SI 

1430*(Fig 

17) 

CP(NI) -BP 

SI 

1425*(Fig 

17) 

CP( A) -BPS 

SI 

1382 

CP( A) -BPS 

SI 

1347 

CP(A)-BPS 

SI 

PBL  = 1425 


•Bracketing  velocities  used  to  calculate  protection  ballistic  limits  and  specific  limit  energies. 
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III.  Firing  against  5/8  Inch  Homogeneous  Armor  (Cont’d) 

B.  Firing  vs  Plate  No.  29  (311  Rhn)  at  30°  Ohlinuity 


Stri king 
Veloci ty 
( fps) 

Plate 

Resul ts 
Pro jectile 

Scoop 

AP 

1752 

CP(NI)-F0 

SI 

(1.4  x 1.0) 

1700* 

CP(NI)-P0 

SI 

(1.4  x 0.9) 

1660* 

CP(A)-PS 

SI 

(1.5  x 1.0) 

1657 

CP(A)-PS 

SI 

(1.4  x 1.1) 

1617 

CP( A)-PS 

SI 

(1.6  x 1.1) 

1580 

CP(A)-PS 

SI 

(1.5  x 1.0) 

FBL 

- 1680 

FAP 

1660 

CP(A&PVPO 

SI 

(1.3  x i.  1) 

1600 

CP(  A&P)  -P0 

SI 

(1.3  x 1.0) 

1575 

PP-PS 

BI  3/4-Sh-LS 

(1.0  x 1.0) 

1525 

CP(  A8tP)  -PO 

SI 

(1.2  x 1.0) 

jssn* 

CP(A!iP)  -PO 

SI 

(1,2  x 1.1) 

1443* 

CP(A)-PS 

SI 

(1.2  x 1.0) 

1395 

CP(  A)-PS 

SI 

(1,2  x 1.0) 

PE.’.  = 1455 


'Bracketing  velocities  used  to  calculate  protection  ballistic  limits  and  specific  limit  energies. 
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III.  Fi  ri 

. 5/5  i 

nch  Jicnx^gcr.ccus  Ariw 

r*  - 

u i V wvi  it  tj  y 

B. 

Firing  vs 

Plate 

No.  29  (311  Bhn ) at 

30°  Obliquity  ( Cont 

•d) 

Strikir.g 
Veloci ty 
( fps) 

Plate 

r wii/  t v 
Project i l e 

Scoop 

FAPT 

1658 

CP(A&P)-P0 

SI 

(1.4  x 

1.0) 

1587 

CP(ASJ’)-PO 

SI 

(1.7  x 

1.0) 

1570* 

CP(A3sP)-PO 

SI 

(1.7  x 

1.0) 

1524* 

PP-PS 

BI  1/2 

(1.6  x 

1.0) 

1512 

PP-PS 

BI  1/2-NI  1/2-Fr 

( 1. 6 x 

1.0) 

1455 

PP-MB-G: 

SI 

(1.6  x 

1.0) 

PEL  =1545 

C. 

Firing  vs 

FI  ate 

No.  29  (311  Bhn)  2t 

45”  Obliquity 

AP 

2425 

CP(A&P)-PO 

Sh-Fr-LS 

(1.5  x 

1.1) 

2392 

CP( A&P) -P0 

BI  1/ 3-Sh-Fr-LS 

(1.  5 x 

1.1) 

2372 

CP(AfcP)-FO 

Sh-Fr-LS 

(1.4  x 

1.1) 

2343* 

fp/  \ _yy) 

BI  1/3-Sh-Fr-LS 

(1.4  x 

1.1) 

2305* 

FP-LB-Ck 

Sh-Fr-LS 

(1.4  x 

1.0) 

2200 

FP-LB-Ck 

Sh-Fr-LS 

(1.3  x 

1.0) 

PBL  - 2340 

*Br acke ting 

velocities 

used  to 

calculate  protection  b 

energi  i 
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III.  Firing  Against  5/8  Inch  Homogeneous  Armor  (Cont’d) 

C.  Firing  vs  Plate  No.  29  (311  Bhn)  at  45°  Obliquity  (Cont’d) 


Striking 

Veloci  ty 

Resul t a 

( fps) 

Pllit* 

Projecti  le 

Scoop 

FAP 

2060 

CP(A&P)-P0 

SI 

(1.9  x 1.1) 

1825 

CP(A?P)-P0 

SI 

(1.7  x 1.0) 

1777* 

CP(  ZAP)  -FO 

SI 

(1.5  x 0.9) 

1717* 

PP-LB-Ck 

SI 

(2.0  x 1.0) 

1600 

PP-LB 

SI 

(1.7  x 1.0) 

PBL  = 1745 

FAPT 

2iP«: 

CP(  A&P'l  -PO 

SI 

(1.6  x 1.0) 

2082 

a’(AiP)-Po 

SI 

(1.8  x 1.0) 

1980* 

CP( A&P) -PO 

SI 

(1.9  x 1.0) 

1975* 

CP(  A)  -PH 

SI 

(1.8  x 1.0) 

1910 

PP-LB-Ck 

SI 

(1.8  x 0.9) 

PBI-  = 1980 

Firing  vs 

Plate  No.  21  (311  Bhn)  »t 

55°  Obliquity 

AP 

264:- 

CP(A&P)-P0 

BI  1/3-Sh-Fr-LS 

(2.0  x 1.0) 

2540 

CP( A&P)-Pn 

BI  1/4-Sh-Fr-LS 

(1.8  x 1.0) 

2518* 

CP(A&P)-P0 

Sh-Fr-LS 

(1.6  x 1.0) 

2465* 

PP-LB-Ck 

BI  1/3-Sh-Fr-LS 

(1.7  x 1.0) 

2416 

PP-LB-Ck 

Sh-Fr-LS 

(1.9  x 0.9) 

2274 

PP-MB 

Sh-Fr-LS 

(1.8  x 0.9) 

PBL  = 2490 


• Bracket ing  velocities  used  to  calculate  protection  ballistic  naiita  and  specific  limit  energies. 
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ing  against  5/8 

Inch  Homogeneous  Armor 

(Cont’d) 

Fi ring  vs  Plate 

No.  21  (311  Phn)  at  55 

• ° Obliquity 

(Cont ’d) 

Striking 

Veloci ty 

Resul ts 

( fps) 

Plate 

Projectile 

Scoop 

FAR 

2353 

CP(AfitP)-PO 

SI 

(2.4  x 1. 1) 

2313* 

CP(A&P)-PO 

SI 

(2  3*!.  0) 

2264* 

CP( A) -PH 

SI 

(2.3  x 1.0) 

2163 

PP-LB-Ck 

SI 

(2.3  x i.0) 

PBL  = 2290 

FAPT 

2408 

CF(  A&P) -PO 

SI 

(2.3  x 1.0) 

2315* 

CP(A&P)-PO 

SI 

(2.2  x 1.0) 

2286* 

C3P(A)-PS 

SI 

/A  1 

~ A.  S*  / 

2286 

PP-LB-Ck 

BI  3/5-Fr 

(2.3  x 1.0) 

2200 

PP-LB 

SI 

(2.  1 x 1.  1) 

PBL  = 2300 


t 


£.  Firing  vs  Piute  Nu.  21  (oil  3 in)  at  60”  Obliquity 


AP 


2854 

AoiF)  -rv/ 

an-Fr-L5 

( 2 

X 

i.  0> 

2845 

CP(A8JP)-FO 

Sh-Fr-LS 

(2.2 

X 

1.0) 

2EC8* 

ro/  *»  D\  . DA 

W \ / '»  vy 

dt  A/r  ec  r-  < c 

44A  ^ ' kit  1 1 A let) 

(2.3 

X 

1.0) 

2764* 

PP-LB-Ck 

ft-  r,_i  Q 
uu-i*  i -LO 

(2.3 

X 

0.9) 

2640  (Fig  14) 

PP-LB-Ck 

Sh-Fr-LS 

(2.3 

X 

0.9) 

FBL  - 278S 


'Bracketing  velocities  used  to  cslculste  protection  bsilistic  lisits  snd  specific  lioit  energies. 
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III.  Firing  against  5/8  Inch  Homogeneous  Armor  (Cont’il) 


Firing  vs  Plate  No.  21  (311  Bhn)  at 

60 " Obi iqui t y 

( IV  ij  / 

Striking 
Veloci  ty 
( fps) 

n»_4. 
t i«tc 

Kczxi t s 
Project iie 

Scoc 

p 

FAP 

2695  (Fig 

I*,.  CP(  A&t')  -Ft} 

SI 

(2.5 

X 

1.1) 

2615  (Fig 

14)  CP(A&P)-PO 

SI 

(2.8 

X 

1.1) 

2588* 

CP(A&P)-PO 

SI 

(2.8 

X 

1.1) 

2534* 

CP(A)-FH 

SI 

(2.8 

X 

1.1) 

2506 

PP-LB 

SI 

(2.6 

X 

1.1) 

2345 

PP-SB 

SI 

(2.8 

X 

1.1) 

PEL  = 2560 

FAPT 

2702 

CPf  Ai?)-PO 

BI  2''5-Fr 

{?.  7 >:  1 1 1 

2663 

CP(A&P)-PO 

Sl-Ck 

(2.6  X 1.0) 

2628 

CP(A)  PO 

Fr 

(2.8  x 1.1) 

2617*(Fig  14) 

CP(A&P)-P0 

Sl-Ck 

(2.6  x 1.  1) 

2589* 

FP-LB-Ck 

SI  -Ck 

(2.8  x 1.  1) 

2577 

cp(a;-ph 

SI -Ck 

(2. f-  x 1.0) 

2505 

C?(,*&P)-P0 

SI 

(2.6  x 1.0) 

2482 

CP( A) -PS 

SI 

(2.6  x 1.0) 

2400 

PP-LB -Ck 

Sl-Ck 

(2.6  x 1.0) 

PBL  = 2605 


'Bracketing  «elncitie>  ueed  to  cilcvlete  projection  btllietic  lilt,  it  a end  specific  limit  energies. 
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III.  Firing  against  5/8  Inch  Homogeneous  Armor  (Cont'd) 


F.  Firing  vs  Plate  No.  22  (302  to  321  Bhn)  at  70°  Obliquity 


Striking 
Veloci  ty 

( fps) 

Plate 

Pesttl  tx 
Project i ie 

Scoop 

AP 

3630 

CP( A&P) -P0 

Sh-Fr-LS 

(2.6  x 1.1) 

3605* 

CP(A&P)-P0 

Sh-Fr-LS 

(2.5  x 1.1) 

3602* 

PP-LB-Ck 

Sh-Fr-LS 

(2.9  x 1.  1) 

3591 

PP-LB-Ck 

Sh-Fr-LS 

(2.8  x 1.0) 

3505 

PP-LB 

BI  1/3-Sh-Fr-LS 

(3.0  x 1.0) 

3403 

FP-MB 

Sh-Fr-LS 

(2.5  x 0.8) 

3303 

PP-MB 

Sh-Fr-LS 

(2.7  x 0.9) 

PBL 

= 3605 

FAP 

3463 

PP-MB 

Sh-Fr-LS 

(2.3  x 1.0) 

3300 

PP-LB 

Sh-Fr-LS 

(2.4  x 1.1) 

3055 

PP-SB 

Sh-Fr-LS 

(2.3  x 0.9) 

PBL  > 3465 

"Bracketing  velocities  used  to  calculate  protection  ballistic  limits  and  specific  limit  energies. 
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III.  F:r:ng  against  S/8  Inch  ilomogeneonu  Armor  (Cont'H) 


F. 

Firing  vs  Plate  No. 

J.2  ( jvi  to  oz  i si ui)  70  Cbliqui  ty 

(Ccnt'd 

N 

/ 

Striking 
Velcici  ty 

( fps) 

f late 

Resul ts 
P roj ect i le 

Scoop 

FAPT 

3382 

CP(A&P)-P0 

Sh-Fr-LS 

(2.7  x 

1.2) 

3315 

CP(  A8tP)-PD 

Sh-Fr-LS 

(2.4  x 

1.2) 

3240* 

CP(A&P)-PO 

Sh-Fr-LS 

(2.3  x 

1.  1) 

3219* 

PF-LB 

Sh-Fr-LS 

(2.9  x 

1.1) 

;ioi  a 

PP-PS 

Sh-Fr-LS 

(2.4  x 

1.2) 

3145 

PF-PS 

Sh-Fr-LS 

(2.5  x 

1.0) 

2994 

PP-PS 

Sh-Fr-LS 

(2.3  x 

1.1) 

2884 

PPSB 

SI 

( 3.  4 x 

1.0) 

PBL  = 3230 

IV.  Firing  against  3/4  Inch  Homogeneous  Armor 

A 

n . 

Firing  vs  Plate  No 

. 43  (302  Ehn)  at 

30°  Oh! iquity 

AP 

2432 

CP(NI) -BP 

SI 

(1.5  x 

t '>  \ 

2358 

CP( A&P)-P0 

BI  3/5-Sh-Fr-LS 

(1.5  * 

1.2) 

2320* (Fig  4) 

o>(a&p)-po 

Sh-Fr-LS 

(1.9  x 

1.2) 

2271* 

PP-PS 

Sh-Fr-LS 

(1.9  x 

1.2) 

2167 

PP-LB-Ck 

Sh-Fr-LS 

(2.0  x 

1-2) 

2027  (Fig  4) 

PP-MB 

Sh-Fr-LS 

(2.0  x 

1.1) 

1933  (Fig  4) 

CP(NF)-BP0 

BI  3/5-NI  2/5-Fr 

(1.6  x 

1.1) 

1825*(Fi g 4) 

O^A&PJ-BPO 

SI 

(1.5  x 

1-1) 

1775*(Fig  4) 

CP(A)-BPS 

ri 

Jl 

(1.7  x 

1.0) 

PBL  = 1800;  2295 

'Drscketir.g  velocities  used  to  calculate  protection  ballistic  limits  and  specific  limit  energies. 
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IV.  Firing  Bgaiusi  3/4 

Inch  HoitiOgcrieOus  Aiaicr  (Cool'd) 

A. 

Firing  vs  Plate 

No.  43  (302  Bhn)  at 

30"  Obliquity  (Cont 

’d) 

Strikir.fi 
Veloci ty 
( fFS) 

Plate 

Results 
Pro  jecti  1 e 

Scncp 

FAP 

1700 

CP(AfitP)-PO 

SI 

(1.4  r. 

i.i) 

1666* 

CF(  AAtP) -P0 

SI 

(1.4  x 

1.0) 

1638* 

PP-LBCk 

SI 

(1.5  x 

i.i) 

1603 

PP-LB-PS 

SI 

( 1.  3 x 

l.O) 

PBL  = 

1650 

FAPT 

1945 

CP(A&P)-PO 

SI 

(1.9  x 

l.O) 

1866 

CP(A&P)  -FO 

SI 

(1.  8 x 

l.O) 

1794* 

CP(A&P)-P0 

SI 

(1.6  x 

1.1) 

1781* 

PP-MB 

SI 

(2.2  x 

1.1) 

1730 

FP-MB 

SI 

/ 1 c v 

v ..  O X 

l.O) 

PUL  = 

1790 

B. 

Firing  against 

Plate  No.  43  (302  Bhn)  at  45°  Obliquity 

AP 

2621 

CP(A&P)-PO 

BI  1/3-Sh-Fr-LS 

(1.7  x 

1.3) 

2570 

CP(  A)-Ph 

Sh-Fr-LS 

(1.6  x 

1.2) 

2508 

CP(  A&P'  -FO 

Sh-Fr-LS 

( I.  5 x 

l.O) 

2449* 

CP(  A&P  ) -PO 

51  2/5 -Sh-Fr-LS 

(1.1  X 

1.2) 

2402* 

PP-LB 

BI  2/5-Sh-Fr-LS 

(1.5  x 

1.1) 

2342 

PP-MB 

Sh-Fr-LS 

(1.5  x 

1.  2) 

2200 

PP-SB 

Sh-Fr-LS 

(1.4  x 

1.2) 

PBL  = 

2425 

"bracketing  velocities  used 

to  calculate  protection  i 

ballistic  limits  and  spe 

cific  limit 

ene  rgi< 
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E.  Firing  against  Plate  No.  43  (302  Shn'i  at  45°  Obliquity  (Cont’d) 


Striking 
Veloci  ty 
( fps) 


Plate 


Rextil  tx 
Proj ectile 


Scoop 


2346 

CP(A£iP)-F0 

Sl-Ck 

(1.9  x 1.1) 

2225 

CP(ASiP)-PO 

SI 

(2.0  x 1.1) 

2118* 

GP(  A&P)-P0 

SI 

(1.9  x 1.1) 

2053* 

PP-LB 

SI 

(1.9  x 1.  1) 

200  5 

PP-LB 

SI 

(1.9  x 1.1) 

PBL  = 2085 

FAPT 

2612 

CF(N1)-P0 

SI 

(1.7  x 1.1) 

2438 

CP(A.’P)-PO 

SI 

(1.7  x 1.0) 

2325 

CP(  ASiP)-P0 

SI 

(1.7  x 1.1) 

2184* 

dP<  «iP)-pu 

si 

( 2.0  x i.  1) 

2158* 

CP(A)-PS 

SI 

(1.9  x 1.0) 

2150 

PP-MB 

SI 

(2.1  x 1.  1) 

2072 

PP-M3 

SI 

(2.  1 x 1.2) 

PEL  = 2170 


CONFIDENTIAL 
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IV.  Firing  against  3/4  Inch  Homogeneous  Armor  (Cont'd) 


C.  Firing  vs  Fl«te 

No.  34  (302  Bhn) 

at  55 ° Obi ity  si ty 

C t r i Ir  t nti 

“ **  * ••  - • *o 

Veloci ty 
( fps ) 

P late 

Restil  t s 
Pro j ecti  le 

Scoop 

AP 

3067 

CP(A&P)-PO 

Sh-Fr-LS 

(1.9  x 1.2) 

3012 

OP(A&P)-PO 

Sh-Fr-LS 

(1.9  x 1.3) 

2983* 

C?(  AoiP)-PO 

BI -Sh-Fr-LS 

(1.9  x 1.2) 

29  2 S* 

FP-LB-Ck 

Sh-Fr-LS 

(1.9  x 1.2) 

2830 

PP  LE 

Sh-Fr-LS 

(2.2  x 1.3) 

2657 

PP-MB 

Sh-Fr-LS 

(2.0  x 1.2) 

• 

PEL 

= 2955 

• 

FAR 

• 

3295+* 

CP( A&P)-P0 

BI  1/3-Sh-Fr-LS 

(2.0  x 1.2) 

3195+* 

PP-I.B 

BI  1/2-Sh-Fr-LS 

(2.3  x 1.4) 

• 

3140+ 

PP-LB-Ck 

Sh-Fr-LS 

(2.0  x 1.4) 

2925 

FP-LB 

BI  1/4-Sh-Fr-LS 

(2.1  x 1.3) 

2890 

FP-MB 

Sh-Fr-LS 

(2.1  x 1.3) 

2835 

PP-ME 

Sh-Fr-LS 

(2.1  x 1,3) 

2815 

FP-LB-Ck 

Sf)-r  i -LS 

(1.8  x 1.5) 

2805 

PP-LB-Ck 

Sl-Ck 

(2.6  x 1.2) 

2660 

PP-LE 

SI 

(2.7  x 1.2) 

2535 

FF-MB 

SI 

(2  7 >:  1.2) 

PBL 

a 

= 3245 

♦firing  va  Plate  No.  38  (293 

tc  302  Bhn). 

* 

‘Bracketing  velocities  used 

to  calculate  protect: 

or.  belli.atic  linita  and  apeci 

fic  limit  energ 

CONFIDENTIAL 
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IV.  Firing  against  3/4  Inch  Homogeneous  Armor  (Cont’u) 


C.  Firing  vs  Kia^e  Nc.  3i  (302  Bhn)  ai  55n  Obliquity  (Ccr.t'd) 


Striking 
Veloci ty 
( -fps) 

P i et  i e 

A OS1J  l ts 

Proj ect i 1 e 

Scoop 

FAPT 

2885 

CP(A&P)-I0 

SI 

(2.5  x 

1.0) 

2800* 

CP(A&P)-P0 

BI  1/3-Fr 

(2.  5 x 

1.1) 

2760* 

FP-LB 

SI  Ck 

(2.5  x 

1.1) 

2705 

CP( A) -PS 

Fr 

(2.6  x 

1.2) 

2655 

PP-LB 

BI  3/4 -Fr 

(2.6  x 

1.1) 

PEL  = 2780 

Firing  vs  Plate  No. 

34  (302  Bhn) 

at  60°  Obliquity 

AP 

3235 

CF(  A&P)-P0 

Sh-Fr-LS 

(2.  I x 

1-2) 

3213* 

CP(  Air  ) -FO 

Sh-Fr-LS 

(2.3  x 

i.l) 

3170* 

FP-LB-Ck 

Sh-Fr-LS 

(2.3  x 

1.3) 

3155 

PP-LB-Ck 

Sh-Fr-LS 

(5.4  x 

1.2) 

3000 

PP-LB 

Sh-Fr-LS 

(2.0  x 

1.1) 

PS.  = 3190 

•BracN^ring  velocities  used  to  calculate  protection  ballistic  limits  and  specific  limit  energie 
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; sgailiii 

Homogeneous  Armor  (Ccot’d) 

ring  vs  Plate  No. 

34  (302  Bhn ) at 

60°  Obliquity  (Cont 

’d) 

Striking 
Veioci ty 

( fps) 

Pi  nt  e 

Resul t s 
Project i ie 

Scoop 

FAP 

3420 

PP-LB 

BI  2/5-Sh-Fr-LS 

(2.3  x 1.3) 

3400 

PP-LB-Ck 

BI  1/3-Sh-Fr-LS 

(2.4  x 1.3) 

3304 

FF-LB 

BI  2/ 5-Sh-LS 

(1.9  x 1.  1) 

3051 

PP-SB 

Sh-Fr-LS 

(2.1  x 1.3) 

2938 

PP-MB 

Sh-Fr-LS 

(2.  1 x 1.3) 

2905 

PP-MB 

Sl-Ck 

(3.  1x1.2) 
» 

2848 

PP-MB 

BI  2'5-Sh-Fr-LS 

(2.4  x 1.2) 

2835 

PP-M3 

SI 

(3.0  x 1.2) 

2780 

PP-MB 

SI 

(3.1  x 1.1) 

PBL  > 

3420 

FAPT 

3330 

CP( A&P)-P0 

Sh-Fr-LS 

(2.6  x 1.3) 

3256 

CF(NS )-PO 

Sh-Fr-LS 

(2.2  x 1.5) 

3190 

CP(NS)-PO 

Sh-Fr-LS 

(2.  2 x i.  3) 

3 ICO* 

CP(NS)  -PO 

Sh-Fr-LS 

(2.  1 x 1.3) 

3032* 

CP(A)-PH 

Sl-Ck 

(2.  8 x 1.  2) 

2950 

PP-LB 

SI  -Ck 

(3.0  x 1.2) 

PBI.  = 

3065 

•Brscketing  velocities  u»u  to  calculate  protection  ballistic  limits  end  specific  ’ireit  energies. 
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against  7/8  Inch 
ing  vs  Plate  No. 

Striking 
Ve/ocj  ty 
( fps) 

i!C‘lX/r'Sntirt,,c  Armor 

48  (302  to  31'  Bh?i 
Plate 

i)  at  30°  Obliquity 

Renal ts 
Pro  j seti  !e 

Scoop 

• 

2830 

AP 

CP(NS)-P0 

Sh-Fr-LS 

(1.6  x 

1 5) 

2778 

CP(NS)-F0 

rn_  r*_  T C 
Ot  1 A*  1 “ UiJ 

(16* 

1.6) 

2717 

CP(A&P)-F0 

BI  2/5-Sn-Fr-LS 

(1.5  x 

1.4) 

2690 

fP( A)-PS 

BI  2/5-S.-Fr-L2 

(1.5  x 

1.3) 

• 

2674 

CP(  A&P) -P0 

Sh-Fr-LS 

• 

(1.5  x 

1-4) 

• 

2602* 

CP( A&P )-PO 

BI  2/3-Sb-Fr-l-S 

(1.5  x 

1.2) 

2543* 

FT-Lb-Ck 

Bl  i/  J-bh-lr-Lis 

(5.5  x 

1.4) 

• 

0/4  C*T 
4TJ/ 

PP-LB 

BI  2/3-Sh-Fr-I.S 

(1  5 x 

1.3) 

2303 

PP-SB 

Sh-Fr-LS 

(1.4  x 

1.4) 

2121(Fig  13) 

PP-Sb 

Sh  -^r  -1.2 

(1.9  v 

1.2) 

PJ*.  = 2570 

"bracketing  velocities  used  to  calculate  protection  ballistic  limits  and  specific  limit  energies. 
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V.  Firing  against  '/8  Inch  Homogeneous  Armor  (Cont’d) 

A.  Firing  vs  Plate  No.  48  (302  to  311  Bhn)  at  30°  Obliquity  (Conc'd) 


Striking 
Veloci  ty 
( (ps) 

Plate 

Results 
Proj  ect i I e 

Scoop 

FAP 

3182+ 

CP(A&P)-P0 

Sh-Fr-LS 

(1.9 

X 

1.7) 

3I«0+* 

CP(AfiiP)-PO 

Sh-Fr-LS 

(1.8 

X 

1.5) 

3098+* 

PP-LEGc 

Sh-Fr-LS 

(1.8 

X 

1.5) 

3068  + 

PP-LB-PS 

Sh-Fr-LS 

(1.7 

X 

1.5) 

2116(Fig 

10) 

PP-SB 

BI 

2/3 -Sh-Fr-LS 

(1.3 

X 

1.4) 

1980(11 g 

10) 

PP-SB 

BI 

2/3-Sh-Fr-LS 

(1.4 

X 

1.5) 

1865(Fig 

10) 

PP-MB 

BI  2/3-Fr 

(1.5 

X 

1.0) 

1835(Fi 2 

10) 

PP-LB 

SI 

(1.4 

X 

1.0) 

1585 

PP-MB 

SI 

(1.4 

X 

1-2) 

P0L 

= 3140 

2443 

CP(NS)-P0 

FAPT_ 

Sh-Fr-LS 

(2.0 

X 

1.0) 

2168 

CF(A&F)-P0 

BI 

3/4-Sh-Fr-LS 

(1.9 

X 

1.0) 

2153*(Fig  13) 

CP(«tP)-PO 

BI 

2/3-Fr-LS 

(1.7 

X 

i.i) 

2100* 

PP-LB-Ck 

BI 

2/3 -Fi -LS 

(1.9 

X 

1.2) 

2043 

PP-LB-Ck 

Fr 

(1.9 

X 

1.  1) 

1885 

PP-SB 

BI  1/3 -Fr 

(2.  1 

X 

1.2) 

PBL  = 2125 


♦Firing  «i  Fl.te  No.  50  (302  to  311  Bhn). 

♦Bracketing  velocities  used  to  calculate  protection  tul.l'itic  limits  and  specific  limit  energi 
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V.  Firing  against  7/8  Inch  Homogeneous  Armor  (Cont’d) 

E.  Firing  vs  Plate  No.  47  (302  to  306  Bhn)  at  45°  Obliquity 


Striking 
Vcloci  ty 
( (ps) 

Pitite 

Resul t s 
Pro  jec  *i  Ie 

Scoop 

AP 

3040 

CP(NS)-F0 

BI  1/2-Sh-LS 

(1.7  x 1.4) 

3038 

CP(NS)-P0 

Sh-LS 

(1.6  x 1.4) 

3018* 

CP' A8tP)-P0 

Sb-Fr-LS 

<1.7  x 1.3) 

3000* 

FF-LB-F3 

BI  2/5 -Sb-Fr-LS 

<1.7  x 1.3) 

2980 

PP-LB-Ck 

Sh-Fr-LS 

<1.8  x 1.3) 

2810 

PP-LB-Ck 

Sb-Fr-LS 

<1.9  x 1.3) 

2575 

FT -MB 

BI  1/4-ShFr-LS 

(1.7  x 1 5) 

PBL 

= 3010 

FAP 

349 5 +* 

CP(  A&P  )-PO 

Sb-Fr-LS 

<1.8  x 1.3) 

3460+* 

FP-LB-PS 

Sh-Fr-LS 

<1.8  x 1.4) 

3235" 

PP-LB-Ck 

BI  2/5- Sb-Fr-LS 

<1.8  x 1.5) 

313S+ 

PP-LB-Ck 

BI  2/5-Sh-Fr  LS 

<1.7  x 1.4) 

2S96 

PF  - So 

OK-Pr-LS 

<1.9  x i . 6 ) 

2S71(Fig 

11) 

PP-SR 

Sh-Fr-LS 

(1.6  x 1.5) 

25S3(Fig 

l1) 

PP -LB-CV 

SI 

(2.4  x 1.1) 

2S46 

E^-SB 

Sh-Fr-LS 

<1.7  x 1.6) 

2441 

PP-Lb 

Sl-Ck 

<2.2  x 1.2) 

PEL  = 3480 


+ Firinn  v»  Plate  No.  50  (302  to  311  Bhn). 

“Bracketing  velocities  usee  to  calculi. te  protection  hl'.iatic  limits  and  specitic  1 iiai  a energi**. 
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Firii'p.  snamsl  7 8 Inch  Homogeneous  Armor  (Cont’d) 

B.  Firing  vs  Plate  No.  47  (302  to  30b  Bhn)  at  45°  Obliquity  ((Tout'd) 


Striki  ri£ 
Veloci ty 
( (ps) 

? late 

Results 
Project  i 1 e 

Scoop 

FAPT 

2960  (Fig 

12) 

CP(NS)-P0 

31  1/3-Sli-Fr-LS 

(1.9  x 1.2) 

2780  (Fig 

12) 

CP(A&P)-PO 

BI  1/2-Sh-Fr-LS 

(1.8  x 1.2) 

2690  (Fig 

12) 

CP(A£tP)-PO 

Fr-Sh 

fl.8  x 1.2) 

2600  (Fig 

12) 

CT(  ASP)  -P0 

SI 

(1.9  x 1.1) 

2545* 

cP(r*&P)-rr) 

Fr-Sh 

(2.0  x 1.2) 

2527* 

CP(A)-PS 

SI 

(2.0  r 1.  J.) 

2450 

FP-LB-Ck 

Fr 

(2.0  x 1.  7) 

PBL  = 2535 


C.  Firing  vs  Plate  No.  47  (302  to  306  Bhn)  at  55“  Obliquity 

AP 


3543 

CP(NS)-PO 

Sh-Fr-LS 

(2.  1 

X 

1.6) 

3498*(Fig 

16) 

CP(NS)-PO 

BI 

1/2-Sh-Fr-LS 

(2.3 

X 

1.5) 

3467* 

CP(A)-PH 

BI 

1/3-Sh-Fr-LS 

(2.  2 

X 

1.4) 

3442  (Fig 

16) 

CP(A)-PH 

Sh-Fr-LS 

(2.0 

X 

1.5) 

3405 

PP-LB-Ck 

Sh-Fr-LS 

(2.2 

X 

1.4) 

3393 

PP-LB-Ck 

Sh-Fr-LS 

(2.2 

X 

1.4) 

3333 

PP-MB 

Sh-Fr-LS 

(2.5 

X 

1.3) 

3798 

PP-LB-Ck 

BI 

1/3-Sh-Fr-LS 

(2.0 

X 

1.4) 

3298 

CP(AAP)-PO 

BI 

1/3-Sh-LS 

(2.0 

X 

1.5) 

3130  (Fig 

15) 

PP-MB 

Sh-Fr-LS 

(2.2 

x 

1.3) 

2827 

rr-Sn 

nr 

1/3-Sh-Fr-LS 

( 1.9 

X 

1.3) 

PEL  = 3430 


•flracketmg  ee'ocities  used  to  calculate  protection  ballistic  limits  sr.d  specific  halt  energies. 
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Firing  against  7/8  Inch  Homogeneous  Armor  (Cont’d) 

C.  Firing  vs  Plate  No.  47  (302  to  306  Bhn)  at  55°  Obliquity  (Cont’d) 


Striking 
Veloci ty 

( fp s) 

PI  ate 

Results 
Pro ject i Ic 

Scoop 

FAP 

3396+ 

PP-MB 

BI  1/4-Sh-Fr -LS 

(2.  1 

X 

1.3) 

PHL  > 3400 

FAFT 

3330 

CP( A&F)  PC 

SJh  - r r - LS 

( 2.  2 

X 

1.4) 

3120  (Fig 

15) 

C.J(  A&P)  -PO 

Sh-Fr-LS 

(2.  2 

X 

1.3) 

3075* 

r*Oz  Ae.T>  \ da 

v-*  \ ~ 

Sh-Fr-LS 

(1-9 

X 

1.3) 

30 29* (rig 

16) 

PP-LB-Ck 

Sh-Fr-LS 

(2.  7 

X 

1.2) 

3003 

FP-MB 

BI  1/3-Sh-Fr-LS 

(2.3 

X 

1. 1) 

2966 

PP-LB 

Sl-Ck 

(2.9 

X 

1.3) 

2872 

PP-LB-Ck 

Sl-Ck 

(2.6 

V 

!.  1) 

2844 

PP-ME 

SI-7/8-Fr 

(2.8 

X 

1.2) 

PBL  = 

3050 

ring  vs  Plate 

No. 

48  (302  to  311  Bhn)  at  60°  Obliquity 

AP 

3674* 

CP(  A&P)-P0 

Sh-Fr-LS 

(2.3 

X 

1.4) 

3667* 

CP( A) -PS 

BI  1/3-Sh-Fr-LS 

(2.4 

X 

1.4) 

3667 

PP-LB 

BI  1/3-Sfi-Fr-LS 

(2.6 

X 

1.5) 

3663 

PP-LB-Ck 

BI  2/5-Sh-Fr-LS 

(2.3 

X 

1-4) 

3632 

PP-LB 

Sh-Fr-LS 

( 2.  5 

X 

1.3; 

yc  t a 

V>  AW 

PP-  pc 

BI  1/3-Sh-Fr-LS 

(2.  2 

X 

1.2) 

PBL  = 3670 


ri.tg  va  rlitc  m'c.  SU  (302  to  311  Bhn). 

fti-bwtna  eelocitiea  used  to  calculate  protection  ballistic  limits  and  speciltc  limit  energi 
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V.  Firing  against  7/t  Inch  Homogeneous  Armor  (Cont’d) 


D.  Firing  vs  Plate 

No.  48  (302  to  31 i Bhn) 

at  60 r Obi 

iquity  (Cont1 

d) 

Striking 
Veloci ty 
( fps) 

Jesuits 

Plate  Project i le 

Scoop 

FART 

3672* 

CP(A6tP)-vO 

Sh-Fr-LS 

(2.5 

x 1.4) 

3667* 

FP-LB-Ck 

Sh-Fr-LS 

(2.  5 

x 1.5) 

3633 

CP(A)-rS 

Sh-Fr-LS 

(2.4 

x 1.3) 

3612 

FP-LB-Ck 

Sh-Fr-LS 

(2.2 

x 1.4) 

3570 

PP-LB-Ck 

Sh-Fr-LS 

(2.1 

x 1.5) 

3438 

PP-LB-Ck 

Sh-Fr-LS 

(2.1 

x 1.2) 

3250 

PP-LB 

Sh-Fr-LS 

(2.4 

x 1.2) 

PBL  = 3670 

VI.  Firing  against  1 Inch  Homogeneous  Armor 

A.  Firing  vs  Plate 

No.  26  (302  Bhn)  at  0°  Obliquity 

AP 

2191 

CP(NI)-BP-FP 

SI 

2085 

CP(NI)-BP-FP 

SI 

2080* 

CP(NI)  BP'Fr 

SI 

2032* 

CP( A)-Ck-FP 

SI 

i r»'*  r 

m,  J 

(T*(  A)  Ck-FP 

SI 

PBL  = 2055 

•Bracketing  velocities  used 

to  csicuiate  pro cr c c • cn  ballistic  limits 

a;id  specific  lituit  enci 
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Firing  against  1 Inch  Ikuiogeneou s Armor  (Ccnt’d) 


A.  Firing  vs  Plate  No.  26  (302  Bhn)  at  0°  Obliquity  (Cont. ’d) 


Striking 
Veloci ty 
( fps) 

Plate 

Resul ts 
Project: le 

Scoop 

3410 

CT(NS)-P0 

FAP 

Sh-Fr-LS 

3320* 

CP(NS)-PO 

Si  i - F i -LS 

3210* 

PP-LB-PS 

Sh-Fr-LS 

2888 

PP-LB-Ck 

Sh-Fr-LS 

PEL 

a 

= 3265 

FAPT 

3225 

CP  (NS)  -PO-FP  U1 

2/3-  bh-F  r-LS 

3085 

CP(NS)-PO-FP 

Sii-Fi  -LS 

27  71 

Cr  (NS) -PC 

Sh-Fr-LS 

2542 

CP(NS)-PO 

SI  7/8- Sh 

2165 

CP(NI)-BP-FP 

SI 

2137* 

CP(NI) 

SI 

2080* 

CP( A) -BPS 

SI 

2028 

CP( A) -Ck 

SI 

t 0 0.1 

PP-LB-Ck -FP 

SI 

1745 

FP-MB-FP 

SI 

PBL  = 2110 


uketing  **elouliiea  uatd  to  calculate  protection  bailiatic  tiaiita  and  specific  Ua:t  energ 
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VI.  Firing  against  1 Inch  Homogeneous  Armor  (Cont’d) 


i ring  vs  Plnte  No. 

!?•  fZ 02  bhn) 

at  45°  Obliquity 

Striking 
Veloci ly 
( fps) 

Flute 

Rest: I ts 
Projectile 

Scoo 

n 

r~ 

AP 

3582 

CP(NS)-P0 

Sh-Fr-LS 

(2.0 

X 

1.6) 

546 1* 

s / atn  \ »v\ 

u \ no  j-k\j 

El  1/3-Sh-Fr-LS 

/ • r 

V ..a  ^ 

* 

1.7) 

3406* 

PP-VLB-Ck 

BI  2/5-Sh-Fr-LS 

(1.9 

X 

1-7) 

3346 

rr-vLd-ck 

Sh-Fr-l-S 

(1.8 

X 

1.6) 

3245 

FP-LB-Ck 

Sh-Fr-LS 

(1.8 

X 

1.6) 

PBL  = 3435 

FArJ 

2940 

CP(NS)-P0 

Sh-Fr-LS 

(2.0 

X 

1.3) 

2856* 

CP(A&F)-P0 

BI  1/2-Sh-Fr-LS 

(2.0 

X 

1.3) 

2794* 

PP-PS 

BI  i/3-Sh-Fr-LS 

(2.0 

X 

1.2) 

2727 

PP-LB-PS 

BI  9/10-Fr 

(2.0 

X 

1.2) 

PEL  - 2825 


C.  Firing  vs  Plate  No.  26  (302  Bhn)  at  55°  Obliquity 


AP 


3645 

IT  - Lli  ■ Ck 

Sh-Fr-LS 

(2.4 

X 

1.5) 

3612 

PP-LB-Ck 

BI  1/3-Sh-Fr-LS 

(2.2 

X 

1.5) 

3560 

FP-LB-Ck 

Sh-Fr-LS 

(2.1 

X 

1.5) 

PEL  > 3645 


•Bracketing  eelocitica  uaed  to  calculate  protection  baliiatic  Unite  and  specific  liait  energies. 
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VI  firing  ngninst  i Inch  Homogeneous  Armor  •"Coi  i i. ’<5 ) 


Firing  vs  Piste  No.  26  (302  Bbn)  55°  Ohl  ionity  ( Con  t ’ d ) 


Striking 
Veioci cy 

( tp=j 

n r . * . 
t lei  ic 

P o i j / F p 

r> ; „ ~ „ 

* • “j  ^ *•  A 

Crnn  r» 

r 

FAPT 

3<gc+'t 

PP-LB-BSS 

Sh-Fr-LS 

(2.4  x 1.6) 

3656 ++ 

CP(A&P)-PO 

Sh-Fr-LS 

(2.4  x 1.5) 

3645*+ 

CP(A&P)-PO 

Sh  Fr-LS 

(2.3  x 1.4) 

3605*' 

PP-LB-Ck 

Sh-Fr-LS 

(2.2  x 1.5) 

3603 ++ 

PP-LB 

Sh-Fr-LS 

(2.2  x 1.5) 

3585t+ 

CP(A&P)-PO 

Sh-Fr-LS 

(2.3  x 1.4) 

3524 

PP-LB-Ck 

Sh-Fr-LS 

(2-1  x 1.5) 

3423 

PP-LB-Ck 

3h-Fr -LS 

(1.9  x 1.4) 

3365 

PP-LB-Ck 

Sh-Fr-LS 

(2.1  x 1.  > 

3183 

PP-SB 

Sh-Fr-LS 

(2.1  x 1.6) 

PBL  3625 


♦♦Velocities  sversged  to  determine  ll:  protection  bsllistic  limit  end  specific  limit  energy. 
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VII.  Firing  against  I 1/8  Inch  Homogeneous  Armor 

A.  Firing  vs  Plate  No.  15  (311  to  321  Bln)  at  30°  Obliquity 


Striki ng 
Veloci ty 

( fpz) 

Plate 

Result s 
Proj ec tile 

Scoop 

3405 

CF( A&P)-3SO 

A r* 

Mr 

Sh-Fr-LS 

(1.8 

X 

1.7) 

3340* 

CF(A5iP)-BSO 

Sh-Fr-LS 

(1.6 

X 

1.8) 

3297“ 

PP-LB-BSS 

Sh-Fr-LS 

(1.6 

X 

1.6) 

3273 

PP-LB-BSS 

B1 

2/5-Sh-Fr-LS 

(1.8 

X 

1.6) 

3228 

FP-LB 

BI 

1/2-Sh-Fr-LS 

(1.7 

X 

1.7) 

3046 

Pl-l.b 

BI 

i/4-Sh-Fr-LS 

(1.7 

X 

1.  7) 

2503 

PP-SB 

Sh-Fr-LS 

(1.4 

X 

1.4) 

pa 

= 3320 

FAPT 

3220 

CP(A&P)-BSO 

Sh-Fr-LS 

(1.7 

X 

1.7) 

3128’ 

CP(A5tP)-BSO 

Sh-Fr*l.S 

(1.7 

X 

1.5) 

3085* 

a -LB-33S 

Sh-Fr-LS 

(1.7 

X 

1.7) 

3060 

PP-LB-BSS 

Sh-Fr-LS 

(1.7 

X 

1.6) 

3015 

a -LB 

Sh-Fr-LS 

(1.8 

X 

1.7) 

oocc 

PP-MW 

Sh-Fr-LS 

(1.5 

X 

1.5) 

2705 

fp-mb 

Sh-Fr-LS 

( i.  6 

X 

1.4) 

PS.  = 3105 


*macketing  velocities  ussc  to  csi*:»»>»te  pr-ui.ection  ballistic  limit. a and  specific  liait  energies. 
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ring  against  1 1/8  Incii  Homogeneous  Armor  (Cont’d) 

Firing  vs  Plato  No.  IS  (311  to  321  Bhn)  at  45°  Obliquity 


Striking 
Veloci ty 
( fps) 

r ifitc 

Pesuirs 
Project  i Ic 

Scoop 

A? 

3578 

CP(A&P)-BS 

Sh-Fr-LS 

( \ . 9 x 1.7) 

3660* 

CP(NS)-BS 

BI  2/5-Sl:-Fr-LS 

•'1.8  x 1.5) 

365  S* 

PP-IB-BSS 

Sh-Fr-LS 

(2.0  x 1 6) 

■*r.  •>/: 
JvuU 

PP-LB 

Sh-Fr-LS 

(2.1  x 1.6) 

3629 

1T-LB 

BI  1/4-Sh-Fr-LS 

(2.0  x 1.6) 

3607 

PP-LB 

Sh-Fr-LS 

(1.9  x 1.7) 

3586 

PP-LB-BSS 

BI  1 3-Sh-Fr-LS 

(1.8  x 1.6) 

3477 

PP-LB 

BI  1/2-Sh-Fr-LS 

(1.8  x 1.6) 

PBL  = 

3660 

FAPT 

3650 

CF(A&P)-BS 

Sh-Fr-LS 

(2.0  x 1.6) 

3590* 

CP(  A&PV  US 

Sh-Fr-LS 

(2. 1 x 1.5) 

3557* 

PP-LB- PS 

El  1/3-Sh-Fr-LS 

(2.  1 x 1.5) 

3541 

PP-LB-PS 

Sh-Fr-LS 

(2  1 x 1.5) 

PRT.  - 

3575 

ing  velocities  used  to  calculate  protection  ballistic  limits  and  specific  limit  energi 
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4 


VIII.  Firing  against  1 3/8  Inch  Hormjeneons  Armor 


4 


I 


. t 


Firing  vs  Plate  No. 

7 (310  Bhn ) at  0° 

Obliquity 

Sr  riki rig 
Veloci ty 

( tps) 

Plate 

ttesu  Its 
Projectile 

AF 

3631+* 

PP-I.B-PS-FFO 

BI  I/3-Sh-VS 

3596  f* 

CP(A&P)-P0 

BI  2/5-Sb-LS 

3586+ 

PP-VLB-FP0 

BI  2/5-Sh-LS 

3545+ 

PP-VLB-1T0 

BI  1/3-Sh-LS 

3427  + 

PP-bB-Ck-FPO 

BI  1/3-Sh-LS 

3214 

ft-mb 

Sh-LS 

3120 

PP-MB 

Sh-Fr-LS 

3046 

CP(NI )-BSO-FPO 

SI-Fr-at  Nose 

2995 

CJ’(NI)-BSG-FP 

SI-Fr-at  Nose 

2822 

CP(N)-8S0-FF 

SI-Fr-at  Nose 

2737 

PP-SB 

BI  1/3-Sh-Fr 

2721* 

CP(«iT)F.£0-FP 

BI  7/8-Fr 

2669* 

CP(A)-Ck-FP 

SI 

2603 

PP-LB-Ck-FP 

SI 

i'ilL  - kuvjl  JuVv 

♦Firing  va  Plate  No.  8 (311  to 

321  Bhn). 

‘Bracketing  velocities  used  to 

determine  protection  ballistic  limits  and 

Scoop 


limit  energies. 
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3* 


»'=S 


VIII.  Firing  against  } 3/8  Inch  Hcnoeeneous  Armor  rCont'rl) 


Firing  vs  Plate  No.  7 i310  Phn)  "t  O'"  Obliquity  (Conl’rf) 


Veloci  ty 

Res ul t s 

( i HSJ 

Plate 

Prcj ecti  le 

f AP 

321S 

VP -SB 

Sh-Fr-LS 

2975 

TV-  313 

Sh-Fr-LS 

2695 

PP-VS8 

Sh-Fr-LS 

2250 

PP-NB 

Sh-Fr-LS 

PEL  > 3215 

FAPT 

3640 

CP( A&P)-BS0 

El  1/3-Sh-Fr 

3640 

CPf AaP)-BSH 

Sh-Kr-l-b> 

3625’ 

CP(A&T)-8SO 

BI  i/3-Sii-Fr 

3605* 

PP-LB-BSS 

Sh-Fr-LS 

3552 

pr-ui 

Sh-Fr-LS 

3375 

PP-LB-FS0 

Sh-Fr-LS 

3334 

PP-LB 

Sh-Fr-LS 

3144 

PP-MB-FSO 

Sh-Fr-LS 

3013 

PP-SB 

Sh-Fr-LS 

2713 

PP-SB-FPC 

Sh-Fr-LS 

2477 

PP-SB- F90 

Sh-Fr-LS 

2387 

PP-SB-FSO 

Sh-Fr-LS 

2271 

PP-SB-FS0 

St.  Fr-LS 

2225 

FF-SB 

SI 

1978 

PP-SB 

SI 

P5I  r 3515 


'Bracketing  eelocitiea  uaed  to  calculate  protection  balletic  limit  and  apecific  limit  energies. 
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